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The study was conducted artificially in glass house conditions and the 
levels of pollutants were considered as found around a coal-based industry: 
Thermal Power Plant, Kasimpur, 20 Km away from Aligarh (study site). 
SO2, NO2 and fly ash are the major air pollutants. SO2 and NO2 after 
reaction in the presence of water vapours also resuh into acid rain. In the 
present study it was tried to observe the impact of air pollutants (SO2. acid 
rain and fly ash) on Anguina tritici, an aerial nematode, and their 
interactive effects on plant growth, yield, photosynthetic pigments. 
carbohydrate and protein contents and leaf epidermal characters of wheat. 
A susceptible variety of wheat HD-2329 to A. tritici was used for all the 
experiments. The SO2 and simulated acid rain were prepared freshly for 
each exposure. The study was divided into three major sections. Similar 
experiments were conducted in each section and same parameters were 
taken. 
SECTION! (SO2) 
Three different cones of SO2 (0.05, 0.1 and 0.2 ppm) were tested on the 
mortality of A. tritici juveniles and seed germination of wheat. All the 
cones significantly killed the juveniles and inhibited the seed germination. 
The effect was cone dependent. 
Singly the different cones of SO2 (0.05, 0.1 and 0.2 ppm) and 
inoculum levels of A. tritici (2,500, 5,000 and 10,000) significantly 
affected to all parameters of wheat. When both combined together in 
different combinations, the effect was varied. However, both interacted 
antagonistically in each combination. All cones of SO2 were harmful to 
nematodes. So, gall formation was not occurred in any of the combination, 
except in low cone (0.05 ppm) with higher inoculum level (10,000). 
Highest reductions in all paramertrs were observed in the pre-inoculated 
treatments followed by post-inoculated and concomitant treatments when 
compared with their respective cones (0.05. 0.1. 0.2 ppm). Although, 
nematode infection was suppressed in all treatments of all cones of SO2, 
except in 0.05 + N (pr) treatment, where 2 galls/ear were formed. 
Interestingly, the trichome number and length on both surfaces were 
significantly increased when exposed singly to lower dose (0.05 ppm) of 
SO2. After that both parameters were declined slowly in subsequent 
treatments. Onward 0.1 ppm, these parameters were decreased 
significantly in all combinations with respect to control. 
SECTION-II (ACID RAIN) 
Simulated acid rain (pH 5.0, 4.0 and 3.0) also killed the A. ^r///c/juveniles. 
As the acidity level and number of days were increased, the Juveniles 
mortality (%) was increased. The seed germination (%) of wheat was 
significantly inhibited in all SAR levels. 
All levels of SAR and A. tritici singly and in combinations, 
adversely affected to all considered parameters of wheat. Reductions were 
directly proportional to acidity and inoculum levels. Both abiotic (SAR) 
and biotic {A. tritici) pathogens interacted antagonistically. So, suppressive 
effect of A. tritici was reduced, wherever combined together. SAR 
generally killed the nematodes in ail the treatments, except at lower levels 
with higher inoculums (5.0 + 5.000 and 5.0 + 10.000). where few 
nematodes were able to survive and thus 2 and 3 galls were formed 
respectively. While, at higher acidity levels (pH 4.0 and 3.0) nematode 
could not survive, so galls were not occurred. 
In pre, post and concomitant inoculation treatments, also all 
considered parameters of wheat were suppressed significantly. Suppression 
was greater in pre-inoculated treatments followed by post and concomitant 
inoculated treatments (pre > post > concomitant). The gall formation was 
also occurred in pre-inoculated and exposed with 5.0 and 4.0 treatments. In 
rest of the treatments gall formation was completely checked. 
Leaf epidermal characters were also adversely affected in all 
treatments except, stomatal aperture width, and number and length of 
trichomes, which were increased only at lower acidity level (5.0) singly 
and in combined treatment of concomitant inoculation (5.0 + N). After that 
they were decreased in rest of the combinations. 
SECTION-III (FLY ASH) 
Fly ash-extract was harmful to A. tritici. As cone and number of days were 
increased mortality of juveniles was increased. However, seed germination 
was less aftiected. It was reduced only at 100% ily ash-extract. 
Foliar application of fly ash singly with lower dose (1.25 g m'^ ) was 
found beneficial to wheal plant. But iiighcr doses (2.5 g m'" and 5.0 g m"*) 
were harmful. However, fly ash together with nematode affected variably 
to wheat plant. All obser\'ed parameters were significantly increased in 
lower dose with low inoculum level (1.25 g m'^  + 2,500). While, in higher 
doses irrespective of inoculum levels, all parameters were reduced. In pre. 
post and concomitant inoculation treatments also varied responses were 
observed. Pre-inoculated treatments with all doses significantly reduced all 
observed parameters, however, reductions in post and concomitant 
inoculations were not significant (pre > concomitant > post). On the other 
hand fly ash dust was able to kill the nematode, so galls were not formed in 
higher doses except in pre-inoculated and concomitant treatments. Foliar 
application of tly ash with nematodes also altered the leaf epidermal 
characters of wheat. Lower dose (1.25 g m''^ ) enhanced all the leaf 
parameters apparently on both suriaces. Higher doses of 11> ash [2.5 and 
5.0 g m' ) irrespective of single or combined treatments reduced all 
characters; except trichomes number and length, which showed varied 
responses to different treatments. 
Soil application was found beneficial to wheat crop. All parameters 
were increased significantly upto 40% amendments, maximum being at 
30% level. In combined treatments also, all parameters were increased 
from 20 to 40% levels, but less than their respective single tly ash 
amendments. However, at 10 and 50% + nematode combinations, all 
parameters were reduced. The nematode was suppressed completely in all 
treatments, except 10% amendment, where only one gall/ear was formed. 
Thus nematode interacted antagonistically in foliar as well as soil 
applications of fly ash. 
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Healthy and suitable environment is essential for the existence of all living 
organisms on the planet. However, due to development of civilization, 
industrialization, unplanned urbanization and over exploitation of natural 
resources by human beings for making their life more comfortable: the 
environment has been degraded so worst that it has become irreparable. 
The pollution in the present world has become a serious threat to the 
environment. A huge amount oi' pollutants are released daily into 
atmosphere, causing a serious problem for all living beings. Health and 
welfare of human beings are directly linked with validity and productivity 
of natural agricultural products. Plants are life-supporting system on this 
planet, but air pollution is adverseh affecting the entire flora including to 
agricultural productivity of ecosystem. 
Air pollution is defined as the disequilibria condition o\' the air 
caused due to addition of foreign elements from natural as well as 
anthropogenic sources specially industries. They release several gaseous as 
well as particulate pollutants. Thus, on the basis of their physical 
appearance, they are categorized into two groups: gaseous and particulate 
forms (Wood. 1968), Sulphur dioxide, o/one. PAN, acid rain. Ch. CVJT,-
H2S, HF, NO. and CO are included in gaseous form; while, fly ash. coal 
dust, cement dust, brick kiln dust, textile dust, traffic dust, aerosol, mist, 
pollen grains, bacterial cells and fungal spores etc. are included in 
particulate form. These pollutants adversely affect either directly or 
indirectly to the entire terrestrial vegetation, human beings, animals, 
microbes and intimate objects including historical monuments. 
The impact of air pollutants on the crop plants has now been realized 
in different parts of the world (Heck et ai, 1986). Air pollutants injure 
plant foliage, significantly alter their growth and yield and change the 
qualitv' of marketable plant products (Iqbal ei ai. 2000: Krupa. 1997). 
They are known to cause diseases in plants producing specific visible 
symptoms like chlorosis, necrosis, early senescence, stunting and several 
other symptoms depending upon the type of air pollutant involved (Barret 
and Benedict, 1970; Brandt and Heck, 1968 a; Darley and Middleton, 
1966). 
Air pollutants also intluence plant diseases caused by biotic 
pathogens such as fungi, bacteria and viruses. Some diseases of nematodes 
are also known to be influenced by the air pollutants (Heagle, 1973). 
However, species show different responses to different pollutants. Weber 
et al. (1979) observed that when soybean plants were inoculated with 
Heterodera glycines, Paratrichodorous minor and Belonolaimiis 
longicaudatus and exposed to S()2, O3 and O3 ^ SO2 mixture, there were 
inhibition in reproduction and development of//, glycines and P. minor but 
B. longicaudatus remained unaffected. While, reproduction of 
Pratylenchus penetrans was enhanced, when exposed to SO2 in 
comparison to O3. Fragmentary studies on nematodes show that impact of 
air pollutants on aerial nematodes has not been observed so far. 
Anguina tritici (Steinbuch) Chitwood is a specific aerial nematode 
of wheat (Triticum aestivum L.), feeding ectoparasitically on growing parts 
of plant, causing stunted growth w ith tw isted and crinkled leaves. Lastly 
grains are converted into galls, which cause enormous yield loss per 
annum in the wheat growing countries of the world including India. The 
annual loss caused by A. tritici is about 1-9% and in terms of rupees about 
70 million in India. A. tritici causes heav\ losses in some areas of Uttar 
Pradesh and Bihar states. In 1986 and 1997, it appeared in epidemic form 
where wheat grains harvested from a field contained upto 80% wheat galls 
(Kaushal, 1998). 
Thermal Power Plants, which are coal based, rank the worst air 
polluters in India. The main pollutants released are as; SO2. oxides of 
nitrogen (NOx) and fly ash. When NOx and SO2 go to atmosphere, create 
the problem of acid rain through atmospheric precipitation, is also a major 
air pollutant. After burning of coal, a huge amount of fly ash is produced. 
A considerable amount is emitted into atmosphere and deposited on soil 
and vegetation. Naturally these air pollutants would affect to A. tritici and 
wheat in and around the sources. Three kind of relationship may exist 
when air pollutants and A. tritici co-occurring in a common pathosystem, 
synergistic, antagonistic and neutral relationship. 
So, keeping in view the importance of wheat as a staple food of 
Indian people, and A. tritici a most damaging nematode of this crop, the 
present study was carried out to observe the effect of the air pollutants 
(SO2, acid rain and fly ash) on this nematode and their interactive effects 
on plant growth, yield, biochemical properties and leaf epidermal 
characters of wheat. The study was divided into three major sections with 
10 objectives. Similar experiments were conducted in each section. 
SECTION! (SO2) 
This section included the experiments of SO2 and A. tritici on wheat with 
the following objectives: 
1. Effect of SO2 on seed germination of wheat and mortality of 
juveniles oiA. tritici. 
2. Effect of SO2 and A. tritici singly and concomitantly on wheat. 
3. Interactive effect of SO2, and pre, post and concomitant inoculation 
oi A. tritici on wheat. 
SECTION-II (ACID RAIN) 
This section included the experiments of simulated acid rain and A. tritici 
on wheat with the following objectives: 
4. Effect of simulated acid rain on seed germination of wheat and 
mortality of juveniles of/I. tritici. 
5. Effect of simulated acid rain and A. tritici singly and concomitantly 
on wheat. 
6. Interactive effect of simulated acid rain, and pre, post and concomitant 
inoculation of ^. tritici on wheat. 
SECTION-III (FLY ASH) 
This section included the experiments of fl\ ash and A. tritici on wheat 
with the following objectives: 
7. Effect of fly ash-extract on seed germination of wheat and mortality 
of juveniles of A. tritici. 
8. Effect of foliar application of fly ash and A. tritici singly and 
concomitantly on wheat. 
9. Interactive effect of foliar application of fly ash. and pre, post and 
concomitant inoculation of .1 tritici on wheat. 
10. Effect of soil application of fly ash and A. tritici on wheat. 
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LITERATURE REVIEW 
Environment is a complex aggregate of external conditions, which affects 
the human life, development and survival of all living organisms. 
Environment and people have reciprocal relationship. But, man's 
environment is now under constant threat from his own activities. Because 
of the changes in the environment due to pollution, have put the survival of 
man in danger. Pollution is an unfavorable alteration of our surroundings 
through direct or indirect effect on chemical, physical and biological 
characteristics of air, water, and land subsequently causing air pollution, 
water pollution and soil pollution. Air pollution is one of the most serious 
problems confronting to all the living organisms today. Its hazards are 
gradually increasing in atmosphere due to round the clock emissions of 
toxic substances from a number of agencies. However, man did not care 
and continued to take the assistance of modern technology to fight with 
nature. 
AIR POLLUTANT 
The air pollutants are released by a number of agencies i.e. petroleum 
refineries, food and fertilizer agencies, chemical manufacturing industries, 
cement factories, thermal power plants, burning of fossil fuels and 
automobiles. They are categorized into two groups (1) Primary air 
pollutants and (2) Secondary air pollutants. The primary air pollutants are 
those, which are originated directly from the sources. They are further 
divided into two groups, (i) Gaseous air pollutants such as SO2, HF, NH3, 
I 
CO. NOx etc. and (ii) Particulate air pollutants such as fly ash, cement dust, 
brick kiln dust, coal dust, pottery dust, soil dust, textiles dust, acidic mist, 
pollen grains, fungal spores and bacterial cells etc. Secondary air pollutants 
are those, which result by the reaction of primary air pollutants into 
atmosphere i.e. PAN, O3, acid rain and mixture of gases. 
Air Pollutants and Plants 
The air quality is directh related to plant growth and yield because 90% of 
the plant weight is derived from the atmosphere. The impact of air 
pollutants on the crop plants have already been realized in different parts 
of the world (Heck et al. 1986). They singly or in mixture have caused 
substantial yield losses in several crops, both in artificial and natural 
conditions (Heck et al. 1986). Majority of the studies revealed that plants 
were generally sensitive to gaseous pollutants, which caused considerable 
reduction in their productivity. The air pollutants caused alteration in 
physiology and biochemistry of plants to \ isible symptoms of chlorosis, 
early senescence, stunting and some times chronic and acute injury to crop 
plants (Heck et al.. 1986; Mudd and Kozlowski, 1975; Treshow, 1975). 
The injury and severity of disease depend upon the type of the air 
pollutants, their concentrations in the ambient air, exposure periods and 
genetic make up of the plant species involved (Barret and Benedict, 1970; 
Brandt and Heck, 1968 a, b; Darley and Middleton, 1966; Heagle, 1982; 
Khan e/a/.. 1997). 
Most serious and widespread damage and losses caused to plants in 
the fields are by. SO2, O3, HF, NO,. PAN. acid rain, fly ash, brick-kiln dust 
and cement dust. Sulphur dioxide the major enemy of the vegetation, have 
caused heaw economic losses. It declined the photosynthetic rate and 
reduced chlorophyll concentration in most of the plant species (AH, 1998; 
Iqbal et al. 2000). A characteristics marginal browning in the leaves of 
dicots was observed by HF (Agrios. 1988). Ozone was recognized as 
phytotoxic pollutant (Krupa and Maning. 1988) causing most detrimental 
effect on the vegetation among widespread air pollutants (Reich. 1987). 
Wet deposition of oxide of nitrogen and sulphur is known as acid rain, has 
caused stress in agricultural crops (Heck, 1968) i.e. increased leaching of 
nutrients from soil and leaves (Foster, 1990; Heagle et al., 1983). chlorosis 
or necrosis of the leaves (Shriner. 1978). Schenone et al. (1994) reported 
that ambient air pollution exposure (OTCs) at two sites (urban and rural) 
on bean plants caused progressive reduction on net photosynthesis. 
Kainulainen et al. (1995) observed that gaseous air pollutants (O3. SO2 and 
NO2) adversely affected the concentrations of monoterpanes, resin acids 
and total phenolic of Scot pine [Pinus sylvestris L.) and Norway spruce 
{Picea abies L. Karst.) seedlings. Similarly, like other pollutants, cement 
dust and brick kiln dust were also adversely affected to crop plants (Aslam 
et al, 1994; Darley, 1966; Raghav, 2006: Upadhayay. 2004). Fly ash has 
shown both adverse and beneficial effects on plants. Many reports showed 
that it was beneficial for plant growth and yield of crops at lower levels 
and harmful at higher levels when amended with soil (Khan and Khan. 
1991, 1996; Khan et ai, 1997; Raghav and Khan. 2002: Raghav. 2006: 
Singh et ai. 1994 a; Upadhayay, 2004). 
Air Pollutants and Pathogens 
Air pollutants also affect to biotic pathogens directh or indirecth. They 
are interacted either antagonistically or synergisticall\ on the host. Some 
diseases caused by fungi like Alternaria alternata, A. brassicicola, A. 
solani, A. triticina, Aiireobasidium polhdans, Cladosporium 
eladosporoides. Cronartiiim fusiforme. Fusarium oxysporium f. sp. 
lycopersici, Microsphaera alni, Mycena galopus. Phonia exigua, 
Phytophlhora infestam, Puccinia graminis. P. hordei, Rhyfichosporiuni 
secalis, Sphaerotheca fuliginea and llromyces phaseo/i. etc. on plants 
were inhibited due to air pollutants like O3. SO2. HF. acid rain and lly ash 
(Dursun et ai, 1996; Heagle. 1982; Hibben and Taylor, 1975: Khan and 
Singh, 2001; Khan et al.. 1991: Laurence.e/ al., 1979; Manning et al.. 
1970; McLeod. 1988; Rai. 1987: Singh and Siddiqui. 2003: Wani el al.. 
1997; Weidensaul and Darling. 1979). Recently Ajaz et al. (2004) 
obsened that 25% fly ash amended soil adversely affected the fungal 
growth {Rhizoctonia solani) on bottle guard. 
However, some diseases caused by fungi like A. triticina, Botrytis 
cineria. B. squamosa, Cercospora sojina. Erisyphe f. sp. hordei, 
Helminthosporium mydis, Schirrhia acicola. U. vicae-fabae, on plants 
were enhanced due to air pollutants (Hibben and Taylor, 1975; Shriner, 
1978: Singh and Siddiqui, 2003; Walker et al.. 1994; Wukasch and 
Hofstra. 1977). 
The effects of different air pollutants on plant pathogenic bacteria 
have been recognized earlier (Heagle. 1973: Heck et al., 1986). Number of 
lesions on wild strawberry infected with Xanthomonas fragariae and 
soybean infected with Psuedomonas glycinea were decreased when 
exposed to O3 at 0.2 ppm and 0.25 ppm for 4 h respectively (Laurence and 
Wood. 1978 a, b). The symptoms and multiplication of Xanthomonas 
phaseoli and Cornybacterhim nebraskense were inhibited when exposed to 
SO2 (Laurence and Aluisio, 1981). Bisessar et al. (1984) reported that SAR 
inhibited the development of bacterial speak on tomato caused by 
Psuedomonas sp. Recently, Siddiqui and Singh (2005) observed the effect 
of fly ash (20 and 40% with soil) on P. striata and Rhizobium sp. on pea. 
Both levels of fly ash suppressed greatly to both the bacteria. 
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Responses of viruses to air pollutants have obser\ed earlier by Davis 
and Smith (1974). They reported thai some viruses viz.. tobacco ring spot, 
tomato ring spot, alfalfa mosaic and tobacco viruses protected primar\' 
leaves of pinto bean from O3, when inoculated 5 days before exposure. In 
field, tobacco infested with TMV exhibited 60% less injury from ambient 
O3 (Bisessar and Temple, 1977). Sub acute doses of SO2, stimulated the 
multiplication of southern bean mosaic vipjses (Laurence et al., 1981). 
Plant parasitic nematodes are also influenced by air pollutants. 
Intensity of root-knot caused by Meloidogyne species was increased in the 
presence of ozone (Bisessar and Palmer, 1984) and in coal-smoke polluted 
ambient environment (Khan and Khan, 1988). Ozone exposure to pea plant 
{Pisum sativum) inoculated with root-nodule bacteria and M javanica 
caused reduction in gall index, egg mass and population density (Singh and 
Husain, 1994). Ozone and M. javanica singly caused significant reduction 
in photosynthetic pigments and protein contents of seeds of pea cv. 
Rachna. However, they together interacted synergistically and caused a 
greater quantitative reduction in all considered parameters (Singh el al., 
1996). 
SULPHUR DIOXIDE 
Sulphur dioxide is one of the most important phytoloxic air pollutants, 
emitted into the atmosphere from the coal fired thermal power plants. 
refining and utilization of petroleum, manufacturing of H2SO4 and during 
the smelting and refining of ores of copper, zinc, nickel and lead. In 
general, SO2 concentration decreases with the distance from the source. In 
large urban areas SO2 concentration may range from 0.05-0.40 ppm 
(Heagle, 1973). In India the SO2 emission is due to the thermal power 
plants as they are coal based. It is quite prevalent in and around the sources 
upto 141-233 ng/m' (Khan and Khan, 1994 a, b). 
Sulphur Dioxide and Plants 
The adverse effect of SO2 on the plants like alfalfa, cucumber, groundnut, 
maize, lucerne, snap bean, soybean, tobacco, tomato, wheat etc. have been 
observed earlier by several investigators (Lockyar and Cowling, 1981; 
Laurence, 1979; Mejstrik, 1980; Mishra, 1980; Pandey and Rao, 1978; 
Saxe, 1983; Sprugal et ai, 1980). Chand and Kumar (1987) reported that 
0.25 and 0.5 ppm of SO2 caused reduction in all growth as well as in 
biochemical parameters of Avena sativa with visible injury in the form of 
interveinal chlorotic and necrotic patches. Similarly, Tomar and Kumar 
(1987) observed the reductions in growth and chlorophyll contents of 
Raphanus sativus cv. Japanese White, when exposed to 0.25 and 0.5 ppm 
of SO2. Gerini et al. (1990) observed that SO2 caused increase in stomatal 
conductance and transpiration rate, v/hile decrease in photosynthesis due to 
effect on the mesophyll in maize plant. Fumigation of broad bean {Vicia 
feba L.) with 74fig m'^  SO2 resulted 9% decrease in total dry matter 
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accumulation in growing season and 10% decrease in pod yield at the final 
har\est. The loss was primarily a result of loss of green leaf area in 
exposed plants (Kropff, 1990). Eucalyptus gomphocephala plants, exposed 
to 303 ^g m"'' SO2 for 126 days in open top chamber, grew taller without 
an increase in above ground plant weight, thinner stem and leaves in 
comparison to control (Fulford and Murray, 1990). Vigna mimgo 
fumigated to SO2 showed visible foliar injuries after 20 days exposure in 
the form of chlorosis and necrosis, which were proponional to SO2 
concentration (Singh and Singh. 1990). When rice {Oriza satixa L.) cv. 
Jagrati and mung {Phaseolus aureus R.) cv. Dhauli were fumigated to 
0.25-2.0 ppm of SO2 for different periods, the low level of SO2 and shorter 
exposure periods caused about 20-40% reduction of chlorophyll. Whereas, 
high concentration and longer exposure period caused drastic reduction 
(Panigrahi et al.. 1992). Qifue and Murray (1994) observed visible injury 
of plant growth and stomatal resistance of soybean (Glycine max L.) cv. 
Buchanan, when exposed to 380 or 786 )ig m"' SO2 for 5 h day"' for 3 
weeks followed by salt stress. Khan el al. (1995) found the significant 
reduction in dry weights of shoot and root, flowers and fruits numbers of 
tomato, okra and eggplant when exposed to different levels of SO2. 
Different concentrations (0.1, 0.2 and 0.5 ppm) of SO2 caused reduction in 
leaf and shoot growth of cucumber seedlings (Dodd and Dolley, 1998). 
When wheat cv. Malviya-234 exposed to 660 ppm CO2 and 0.06 ppm SO2, 
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singly and in combination for 8 h daily from germination to maturity, plant 
growth and yield were increased greatly in CO2 and SO2 combination 
treatments, while SO2 singly influenced negatively (Deepak and Agrawal, 
1999). Chaudhar}' et al. (2002) found significant reduction in fresh and dry 
weight of roots and shoots of cacti, when exposed to SO2. Recently Kausar 
et al. (2006) also obtained similar results on wheat plants when exposed to 
0.05.0.1 and0.2ppm SO2. 
The effects of SO2 on the enzyme s\ stem and metabolic processes 
showed that, it changes the activities of enzymes, which affect various 
physiological, and biochemical properties. The changes are actually 
affected by concentration of SO2, kind of species, plant age and 
environment. Chauhan (1990) obser\'ed that SO2 increased the production 
of volatiles like acetaldehyde, ethnol. ethylene and ethane in tomato, mung 
bean and maize. Sharma et al. (1994) reported that SO2 interfered to plant 
metabolism and caused significant reduction in all growth parameters, 
chlorophyll, ascorbic acid and phosphorus contents while insignificant 
reduction in carbohydrate contents of Brassica compestris var. Krishna. 
Pratibha and Sharma (2000) reported that 1 ppm SO2 exposure to gram 
{Cicer arietinum L.) caused visible injury symptoms with reduction in 
growth and chlorophyll contents. While there was an increase in total free 
amino acids. Sulphur dioxide caused adverse effect on cell structure and 
photosynthetic performance of liverwort, Frullaria dilata (Gemcno and 
Deltoro, 2000). Jeyakumar et al. (2003) observed that SO2 caused 
increment in amylase activity and protein contents, while shoot growth, 
chlorophyll and carotenoids contents were reduced in maize var. CO-1 
exposed to SO2 LD-50. Agrawal and Deepak (2003) found reduction in 
protein and starch contents of wheat when exposed to SO2. 
Sulphur Dioxide and Nematodes 
Plant parasitic nematodes are important group of parasites of all major 
food crops, vegetables, plantation crops, and ornamental plants grown in 
all agro-ecological zones of the world. They are cosmopolitan in 
distribution. Majorit> of the plant parasitic nematodes are root feeders 
while a few like Anguina sp., Aphelencoides sp., Ditylenchiis sp.. etc are 
aerial nematodes. Like other pathogens the nematodQs are also influenced 
by air pollutants. The researches showed that air pollutants affected the 
parasitism of nematodes indirectly either altering host physiology or 
through chemical alteration in soil or directly by inhibiting the nematodes. 
Response of M incognita has been observed in different sites of coal- fired 
thermal power plant on okra, eggplant, and tomato by Khan and Khan 
(1994 a. b; 1996). The intensity of disease and reproduction of M 
incognita were higher in those plants grown in clay pots at a site, 1 km 
away from the thermal power plant, having the concentrations 147 and 88 
|ig m"" of SO2 and NO2 respectively. \\'hereas, disease intensity and 
reproduction of nematode were significantK low at a site 2 km away from 
the source with concentrations 233 [ig m'^ and 112 ug m"" of SO2 and NO2 
respectively. Root-knot nematodes and coal-smoke interacted 
synergistically leading to reduction of plant growth and yield of eggplant, 
okra and tomato grown at a site with moderate le\els of SO2 and NO2. 
Shew et al. (1982) reported that tomato plant exposed to SO2 + O3 
mixture and inoculated with M. javanica and Bradyrhizobium japonicum 
showed less production of eggmass. root galling and number of females 
and suppression of plant growth in comparison to plants inoculated singly 
with M. javanica. Similar results of SO2 + O3 and M. javanica have also 
been observed on soybean by Singh et al. (1996). Singh et al. (1997) 
reported that all plant growth, yield and biochemicals of soybean were 
significantly suppressed when exposed to SO2. The gall formation and egg 
mass production of M incognita race 1 were reduced significantly in 
tomato plants when exposed intermittently to SO2 at 286 and 571 |ig m"' 
for 3 h every third day for 75 days (Khan and Khan, 1997). Root-knot 
disease caused by M javanica in pumpkin plant exposed to 286 and 100-
200 ^g m'^  SO2 showed greater severity (Khan et al.. 1995). Root-knot 
nematodes also caused widening of stomata due to which transpiration rate 
was increa.sed by which greater volume of gaseous air pollutants diffu.sed 
in leaf (Khan and Khan, 1993. 1997). Recently Khan and Kausar (2005) 
observed the effect of SO2 on Anguina tritici on wheat. All the doses (0.05, 
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0.1, 0.2 and 0.4 ppm) were able to kill the nematodes. Thus seed galls were 
not formed. 
A C I D RAIN 
The rain has been always very important for mankind as well as all living 
flora and fauna. But now a days, due to industrialization and urbanization a 
huge amount of gaseous air pollutants as SOi, NO^ emitted in the 
atmosphere, react with water vapours present in atmosphere, and 
precipitate in the form of rain (rain, snow, hail, sleet, dew, frost or fog) 
called 'acid rain'. Acid rain is measured by a scale called 'pH' (Internet: 
policy almanac.org). 
Hales recognized acidification by the pollutant emissions as early as 
1757 in England. Acid rain first became a problem over 200 years ago in 
areas close to large industrial towns and remained steadily worse until the 
middle of the 20"" century. Then following the acid fogs (smog) in 1950s 
that contributed to the death of the thousands of the people in London 
(vvww.forestrv.uk/sustainableforestrv). It is very common in most 
developed countries (Berrang et al., 1995). Acid rain is one of the most 
significant environmental problems confronting today, falling over all of 
eastern North America and much of Western Europe (Likens, 1976). Due 
to aerosol nature of SO2 and NOx, acid rain is transferred from one place to 
another or from one country to another with wind and precipitate out. I'he 
Canada, Sweden and Virginia are the most suffered areas. Canada gets its 
acid rain from the photochemical units of North America and Sweden from 
Norway. The acidity of the Virginia's rain is similar as in Massachusetts, 
where environmental effects of acid rain have characterized as an 
"ecological emergency" (Kahn, 1985). The mean yearly pH of Virginia 
was 4.3 in 1984, which was about 10 times more acidic than unpolluted 
rain. A series of chemical and photochemical reactions occur during the 
formation of acid rain: 
H2SO4 (Sulphuric Acid): 
Sunlight 
SO2 • SO + O (Photochemical reaction) 
SO2 + O *- SO3 (Chemical reaction) 
SO3+H2O • H2SO4 (Sulphuric acid) 
HNO3 (Nitric Acid): 
Sunlight 
NO2 *" NO + O (Photochemical reaction) 
NO2 + O *' NO3 (Nitrogen fixation) 
NO3 + NO2 • N2O5 (Nitrogen penta oxide) 
N2O5 + H2O • 2 HNO3 (Nitric acid) 
The acid rain acidifies the soil and kills the vegetation. Acid rain 
also damages to the aquatic ecosystem and acidifies lakes and streams. All 
flora and fauna of Nerie river of Scotia and fresh water bodies of Sweden 
were acidified and affected adversely (Ember, 1981; Starke, 1988). 
Acid Rain and Plants 
In the forest ecosystem soil acidification occurred at the base of the plants. 
Acid rain caused leaching of 804"^, NO3"". NH/ . and A\^ in the pine and 
evergreen broad leaves forest. In 1986. about 30,718 million hectares 
forests were damaged due to acid rain (Starke. 1988). It caused decline of 
red spruce (PIcea nibem) and several southern pines (Brandt, 1987; 
Pitelka and Roynal. 1989). 
Acid rain also causes significant damage to agricultural crops (Heck 
et al.. 1986). It adversely affected the plants and caused leaching of the 
nutrients from the leaves, erosion of the leaf cuticle leading to chlorosis 
and necrosis of the leaves and inhibition of growth (Ashenden and Bell, 
1989; Evans et al.. 1977: Foster. 1990: Heagle et al., 1983: Heck et al., 
1986; Shriner, 1978). It doesn't kill the plants directly; instead, it more 
likely weaken the plants by damaging their leaves, limiting the nutrient 
availability. Thus causes severe damage to plants. Heck (1968) reported 
that herbaceous plants are more sensitive to direct injur) of acid rain than 
woody plants. Keever and Jacobson (1988) observed the response of nine 
isogonics lines of Glycine max L. Merill to simulated acid rain (SAR) on 
growth and foliar injury. Foliar injur}' was appeared at all pll levels. 
However, reduction in growth was not observed at lower SAR levels, 
while growth was decreased at higher SAR levels (pH 3.4 and 2.7). 
Banwart et al. (1980) reported the reduction in growth and yield 
parameters of field com exposed to simulated acid rain. Singh and 
Agrawal (1996) observed that all doses of SAR (pH 5.0, 4.5. and 3.0) 
reduced the growth, yield and biomass of two cultivars of wheat cv. 
Malviya 2Q6 and 234. The cv. Mahiya 206 with thinner cuticle and greater 
leaf area was more susceptible. Acid rain also affected to fruit quality, 
weight as well as storage life in peach and pear (Lu et al. 1998). 
Simulated acid rain of pH 2.5 and 3.5 applied to tomato plant, 
induced the wilting symptoms followed by appearance of necrotic lesions 
on leaf surface and caused reduction in all growth and yield parameters 
(Dursun et al.. 2002). Similar results in green pepper plant were also 
reported by Shripal et al. (2000). Reduction in all growth, yield, biomass 
and net assimilation rate of two wheat varieties Malviya 213 and Sonalika 
were observed by Singh and Agrawal (2004). In a pot experiment. Khan 
and Devpura (2005) obser\'ed that growth, chlorophyll, nitrogen, 
carbohydrate and protein contents of Phaseolus vulgaris were adversely 
affected with lowering pH levels. The plants exposed to pH 2.1 levels were 
died after the peak-flowering stage, while seedlings exposed to pM 1.1 
were succumbed. Similarly, all growth, yield and chlorophyll pigments of 
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mustard (Agrawal et ai. 2005), radish (Varshney et al, 2005) and potato 
(Kausar et al. 2005) were adversely affected by the application of SAR. 
The effect was increased with decreasing the pH levels and highest 
reduction was observed in plants exposed to pH 3.0. 
In some cases simulated acid rain has been reported to be beneficial 
for some plants species. Ashenden et al. (1991) reported that flowering and 
dry weight of two upland plant sp. Poa alpina and Epilobeuna 
bnmnescem. were increased when exposed to pH 2.5 level. SAR also 
reported to favour the stimulation of root nodules of soybean seedlings 
when exposed at pH 4.0 about 5 mm/h twice a week, while below pH 3.0. 
visible leaf injury developed (Kohno and Kobayashi, 1989). Shaukat and 
Shafiq (1998) observed that germination of Senna holosericea (fresin). 
Greuter and Adenanthera pavonila L. remained unaffected by SAR (pll 
3.0 and 4.0), while Senna Lam.) de Wit and Senra incana Cav. increased 
over control. Fan and Yisheng (1999) observed that seed germination of 
Castanopsis and Fissa was inhibited b} reduced seedlings growth due to 
damaging foliage, decreasing chlorophyll content, increasing leaf cell 
permeability and acidifying leaf sap, when treated with pH 2.0. whereas at 
pH 3.5 biomass was increased. Velikova and Yordanov (1996) reported 
that SAR caused the changes in chlorophyll fluorescence and oxygen 
evolution but the changes were reversible. Murray et ni (2004) reported 
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that SAR did not affect on crop yield or physiological components of wild 
bulberry (Vaccinium angustifolium Ait.) except 8% decrease in 
fluorescence origin with 1.5 SAR exposures. 
Acid Rain and Nematodes 
Simulated acid rain has also been recognized to affect many plant parasitic 
nematodes. It can change the relationships between plant parasitic 
nematodes and their hosts (Bolla and Fitzsimmonas. 1988: Shriner. 1978). 
Khalil and Shah (1979) reported that bean plants infected with 
Meloidogyne sp. exposed to pH 3.2 caused 66% decline in the reproduction 
of nematode rather than at pH 6.0. While on the other hand, Bolla and 
Fitzsimmonas (1988) reported that Scot-pine seedlings lost tolerance to the 
White-pine specific nematode (vpst-1) after exposure to SAR. Khan and 
Khan (1994 c) observed that root penetration, galling, egg mass production 
and fecundity (number of egg/egg mass) of M incognita were enhanced at 
pH 5.6 and suppressed at pH 3.2 level in tomato plants. Pre-treatmcnt of 
SAR (pH 3.0 or 2.0) in Japanese black pine seedlings {Finns thunhergii) 
inoculated with 500 pine wood nematode, accelerated the population 
growth of the nematode and disease development. While there \\as 
suppression in these parameters when inoculated with 50 nematodes and 
more time needed to die the seedlings (Asai and Futai, 2005). 
T > 
FLY ASH 
Fly ash is a major particulate type of air pollutant generated by the 
combustion of coal in coal fired thermal power plants. According to Iqbal 
ei al. (2000) about 65% of the total coal produced in India is utilized in 
thermal power plants for generation of electricity. The Indian coal 
constitutes about 30-40% fly ash after complete burning (Kumar et al, 
2000). About 90 million tones fly ash was produced during 2000 and at 
present about 100 million tons is being produced throughout the countn,. It 
will likely to cross about 140 million tones by the year 2020 AD. 
Therefore, its disposal is a big challenge. 
Properties of fly ash depend upon the type of coal, origin. 
combustion process and prevailing weather conditions (Anonymous. 
1997). It consist minute, glass like particles of 0.01 to 100 mm having 
specific gravity 2.1-2.6 (Davision et al, 1974). Fly ash contains various 
elements such as Ca. Mg, Fe, Cu, Zn, Mn. B, S, and P along with small 
amounts of heavy metals such as Cr, Pb, Hg. Ni, V, As, Si. Al. Mo and Ba 
(Dalmau et al, 1990: Fulekar et al, 1983. Majumdar and Mukharjee, 
1983: Sikka et al, 1994), except nitrogen (Adriano et al, 1980). Fly ash is 
alkaline in nature having the pH ranging from 8.2 to 12.5 (Furr et al, 
1977). 
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Fly Ash and Plants 
Although, fly ash is trapped as fine dust in cyclonic and electrostatic 
precipitators during combustion of coal, but a considerable amount is 
escaped and emitted into atmosphere and deposited on soil and vegetation 
around emission sources. In humid condition fly ash sticks on the leaves or 
fruits and causes small necrotic dark brown spot on the leaves due to 
killing of the tissues. Fluckiger et al. (1979) and Krajickova and Majstrik 
(1984) reported that fly ash particles affected the opening and closing of 
stomata by blocking the stomatal aperture and thereby allowed increased 
transpiration. Dubey et al. (1982) observed that low dusting rate of fly ash 
increased chlorophyll contents significantly. While high dusting rate of fly 
ash reduced the chlorophyll contents due to the alkalinity caused by 
excessive soluble salts on the leaf surface (Elseewi et al., 1980) and also 
due to increase of foliar temperature which retarted chlorophyllase or 
breakdown of chlorophyll to form pheophytin (Mudd, 1975). Mishra and 
Shukla (1986) reported that fly ash deposition on leaves also retarted the 
photosynthesis. Recently, Raghav (2006) has obtained the similar results 
on photosynthetic pigments by dusting of fly ash on potato leaves. 
Due to presence of various micro and macro nutrient elements. Ily 
ash is now being used as soil amendment for the crop production. 
However, response of ecosystem to nutrients may vary from the beneficial 
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effects of small concentration to toxic effects of many elements (Chang et 
ai, 1977). Pasha et al. (1990) reported that 10-20% fly ash amendment 
with soil, improved the plant growth and yield of cucumber plants. Sikka 
and Kansal (1995) found that yield of rice was increased significantly at 2-
4% of fly ash application. Soil amended with lower doses of fly ash caused 
increment in plant growth and yield of tomato (Khan and Khan. 1996). 
Similarly. Tripathy and Sahu (1997) obser\ed that ail growth and yield 
parameters of wheat plant were increased at lower levels of fly ash. 
Karpate and Chaudhn. (1997) studied the effect of \^\ ash water on wheat 
var. Kalyan Sona. Plants \\ere either irrigated or grown in 50. 70 and 90% 
fly ash amended soil. The lower concentration of fly ash water and fly ash 
had stimulating effect on crop, while at higher concentration, the plants 
showed deleterious effect. Sahu and Dwivedi (1999) showed that seed 
germination in Vigna nningo and Abelmoschus esculantiim was highest at 
25% level of fly ash. while plant growth was best at 50% level amended 
soil. The chlorophyll of V. mungo at 50% and A. esculatuni at 25% levels 
were highest. 
Soil amended with higher levels of fly ash caused reduction in 
growth, nodulation. chlorophyll, carotenoids. protein contents and nitrate 
reductase activity and elements like Fe. Zn. Cu and Mn were accumulated 
in plants in large quantities (Gupta et al. 2000). Kumar et al. (2000) 
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observed that seed germination of two legumes viz. Pisum sativum and 
Vicia sativa showed enhancement in growth at 25% and 50% 
concentrations of fly ash effluent respectively, while beyond 50% showed 
lower rate of plant growth index and higher rate of ph\1;otoxicity. Grewal 
et al. (2001) showed that coal-ash application in soil increased both grain 
and straw yields of pearl millet at all levels (5. 10 and 20%). Wheat and 
barley plants grown in fly ash amended soil showed better growth at lower 
doses of fly ash (Khan et al, 2001). Adriano and Weber (2001) assessed 
the benefit of high rate application of fly ash as a soil amendment to 
enhance the water retention of soil without adversely affecting growth and 
marketability of the turf species, centipede grass {Eremochloa ophiuroides) 
Munro Heck. Totawat et al. (2002) observed that about 10 th'' fly ash 
incorporation in soil, improved physico-chemical properties of soil and 
agricultural productivity and also beneficial for wheat performance. 
Raghav and Khan (2002) observed that growth and yield of tomato were 
highest at 20% fly ash level. Upadhyay and Khan (2002) investigated thai 
plant growth, yield, photosynthetic pigments and protein contents of 
Brassica juricea were maximum at 15% fly ash levels. Benerjee et al. 
(2003) reported that tly ash severely affected the plants by changing 
biochemical composition of Iponiea cones. Cassia tora and Brassica 
nilotica growing in fly ash dyke. Fly ash amendment in soil improved the 
growth performance of Vicia feba at initial stage with lower concentration 
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and was inhibitory at higher concentration. Rai et al. (2003) observed that 
seedhng growth was reduced and noduiation was delayed at higher level of 
fly ash. Raghav et al. (2003) reported that plant growth and yield of root 
crops were decreased beyond 40% levels. Lee et al. (2006) studied that fly 
ash addition in soil increased the soil pH and availability of Si and P 
contents in silt loam> and loamy sand soils. The highest rice productivity 
was observed at 90 Kg ha"' fly ash amended soil. Recently, Raghav (2006) 
observed that plant growth, yield and other biochemical parameters of 
potato were increased upto 30% il\ ash le\el. highest being at 15% level. 
Fly Ash and Nematodes 
Fly ash application in soil greatly ahers the physico-chemical 
characteristics; hence parasitism h> root pathogen likely to be influenced 
in ash amended soils. Khan (1989) obser\ed that fly ash application in soil 
reduced the root penetration of juveniles and disease intensity of M 
incognita on tomato. Similar results of galling and egg mass production of 
M. incognita on lentil were observed by Singh (1989). Singh (1993) 
reported that higher concentration of f!\ ash suppressed M javanica in 
soybean to a great extent. At 100°o fly ash. none female or juveniles or egg 
mass oi M. javanica was recorded. Singh et al. (1994 b) observed that all 
the morphometric parameters of M javanica decreased in pea plants grown 
in fly ash amended soil. Khan and Ghadhirpour (1999) reported that lly ash 
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caused a significant reduction in disease severity caused by M incognita 
on tomato, eggplant and chilly grown in amended fields. Fly ash 
incorporation in soil (20-100%) adversely affected the root invasion by the 
larvae and decreased the disease intensity (gall and egg mass/root system) 
of root-knot nematodes, on cowpea and tomato (Khan and Khan, 1997). 
Joshi et al. (2000) observed the effect of organic amendment and fly ash 
on root-knot disease of tomato. The galling index was reduced greatly. 
Tarannum et al. (2001) studied the effect of different levels of fly ash (0. 
25. 50. 75 and 100%) on hatching, penetration and development of M 
javanica on chickpea. 7he hatching and penetration were suppressed 
greatly and the development was delayed. Recently. Khan and Iram (2005) 
evaluated the different levels of fly ash-extract on hatching and mortality 
of M incognita and M javanica. All the concentrations of fly ash-extract 
significantly impaired the hatching and killed the larvae of both 
nematodes. As concentration was increased, the killing percentage of 
juveniles was also increased. 
WHEAT {Triticum aestiviim L.) 
Wheat {Triticum aestivum) an annual grass belongs to family Poaccae. 
Stem is tufed erect, 60-150 cm in height, generally hollow having 5-7 
nodes. Leaves are long and narrow with prominent parallel veins, glabrous 
or hairy on one or both surfaces. Inflorescence is spike of spikelets 
commonly called 'ear' with tough rachis. Seeds are caryopsis. 
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History 
It is one of the world's oldest crops believed to be developing from a type 
of the wild grass native of the arid lands of Asia Minor. It has been used as 
food by man's since pre-historic times. The ancient civilization of 
Babylonia, Crete, Egypt, Greece and Rome used wheat as one of the 
principal food plants. It was described as miraculous genetic accident that 
might have occurred about 8,000 B.C. by Jacob Bronwski in 'The ascent 
of Man". It was the first grains domesticated by human in the Nile valley 
by 5,000 B.C. and is apparently later cultivated in other regions eg. (The 
Indus and Euphrates valleys by 4,000 B.C., China. 2.500 B.C. and England 
by 2,000 B.C.), indicates that it spread from Mediterranean centers of 
domestification (Internet: google.com, 2005). It can be produced in a wide 
range of climate and soil conditions, grown in areas as for north as the 
Arctic Circle and as far as south as the equator. It grows best in temperate 
climate regions with rainfall 12 to 36 inches per year. 
Importance 
Wheat is a major food and important commodity on the world grains 
market. Annual global wheat consumption is an excess of 550 million 
tones. In India, it is the second important food crop being next to rice and 
contributes to the total food grain production of the countn. to the extent of 
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Fig. 1 Major wheat growing states in India 
'Chapati* and variety of other preparations as loaf-bread, biscuits and 
breakfast foods. Wheat is rich in vitamin A and B. It contains moisture 
13.7%, protein 12.7%, fat 5.8%. carbohydrate 76.1%. ash 3.0% and fiber 
2.4%. Its straw is used for the feeding of cattle's. 
SEED GALL NEMATODE {Anguina tritici Steinb.) 
A large number of plant pathogens cause damage to the wheat crop. A. 
tritici is one of them the most important and specific nematode of wheat 
causing seed gall or ear cockle disease. This nematode was reported for the 
first time by Needham (1743). a mycologist. He wrote a letter to the 
president of the Royal Society London, that small black grains of smuttv 
i 
wheat had soft fibrous substances which upon soaking in water took life 
and yield a large number of motile worms. Later on Rofferdi (1775, 1776) 
demonstrated animal nature of these organisms. First taxonomic reference 
was given by Steinbuch (1799) and referred to it Vibrio tritici. Chitwood 
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(1935) gave the scientific name to this nematode as Anguina tritici. 
It is a large nematode about 3.2 mm long by 120 yvm. in diameter. 
The galls on reaching the soil become moist and under suitable 
temperature and moisture conditions, the larvae are released and migrate to 
wheat seedling. The larvae feed ectoparasitically on the growing point with 
the initiation of the flower primordia: they invade the floral tissues 
aborting further development. When ovan. is aborted: the grain formation 
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may not take place. After the insertion in the floral tissue there is 
succession of quick moults before they become adults. The nematode lays 
eggs inside ovary. Such infested grain contains about 10,000-30,000 eggs 
of A. tritici. The larvae in eggs can alive for about 25-30 years. 
The nematode produces very peculiar symptoms on above ground 
parts of the plants both at vegetati\e and reproductive phase. Initial 
symptoms comprise basal swelling of stem, crinkling, curling and twisting 
of leaves, with stunted growth. Typical cockled ears are smaller and 
broader than healthy one with or without awns on them (Gupta and 
Swarup, 1968). The developing galls are initially green colour which turns 
brown or black on maturity. Immature galls differ from mature galls on 
colour, texture and gall content. The number of galls produced in one 
spikelet are varied from 1-5 (Gupta and Swarup, 1968) and recorded as 
high as 5-10 galls (Paruthi and Bhatti, 1990; Kausar, 2002). 
The nematode has been reported from all wheat growing areas of the 
world. In India it was first reported by Milne (1919) from Punjab state. 
Now it has been known to be present in Bihar, Delhi, Haryana, Himacha' 
Pradesh, Rajasthan and Uttar Pradesh states (Koshy and Swarup, 1971; 
Kaushal, 1998). In Haryana, it was prevalent in 1985 throughout the state 
(Paruthi and Bhatti, 1990). It causes heavy losses in some areas of Uttar 
Pradesh. In Bihar, it has appeared in epidemic in 1986 and 1997 (Kaushal, 
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1998). The disease is locally known as 'Mammi", 'Gela' and 'Sehun'. The 
annual loss has been reported to be about 1 -9% and in terms of rupees 
about 70 million in India. 
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:fflethotig 
MATERIALS AND METHODS 
The experiments of the present study were divided into three major 
sections. Similar experiments were conducted in each section. Following 
materials and methods were employed. 
Selection of Site 
The experiments were conducted in artificial treatment conditions in glass 
houses at the Department of Botany, Aligarh Muslim University, Aligarh. 
The site is situated 20 km away from source of the pollution (Thermal 
Power Plant, Kasimpur). 
Air Pollution Monitoring 
Air sampling of major air pollutants around the thermal power plant at 
Kasimpur was done at two sites 1 and 2 km away from the stack usual 
wind-ward direction (W-E). Sampling was done with the help of High 
Volume Air Sampler (APM-415, Envirotech, New Delhi) at the rate of 1.5 
lit/min for 3 hours (h) on alternate day in a month of each season in 2004. 
Thus 15 samplings were done in each month and total 45 samplings in the 
year at each site. For SO2 and NO2, 20 ml sodium tetra chloromercurate 
solution and sodium hydroxide-sodium arsenite solution were taken 
respectively, in separate impringers of the sampler. The gases absorbed in 
the solutions were later analyzed by calorimetric methods (Anonymous, 
1986). The fly ash dust fall rate was determined by placing Whatman 
micro filter paper (GF/A grade) on the meshed face plate of the sampler 
(Anonymous, 1986). Acid rain was measured by pH meter, after collecting 
the rain in beaker. 
The concentration (cone) of SO2, NO2 and acid rain were greater at 2 
Km than 1 Km (Table 1). However fly ash dust fall rate was higher at 1 
Km than 2 Km. Seasonally cones of these air pollutants were highest in 
summer followed by winter and monsoon. However in summer acid rain 
was not recorded. The cones of pollutants at both the sites were above to 
damaging levels to susceptible plants. Due to deposition of fly ash, the soil 
of 1 km site was black in colour upto 1 ft. depth. 
Collection of Soil 
The soil used in the experiment was collected from the unpolluted 
agricultural field upto 20 cm depth after scrapping the surface of litters 
present. The collected soil was brought to the laboratory in gunny bags. 
The soil was sandy loam containing 66% sand, 24% silt, 8% clay, 2% 
organic matter and pH 7.7. 
Preparation of Pot 
The collected soil was thoroughly mixed with farmyard manure in the ratio 
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pots were steam sterilized in autoclave at 20 lb pressure for about 20 
minutes. 
Test Pollutant, Pathogen and Plant 
The most important air pollutants - SO2, acid rain and fly ash emitted by 
thermal power plants were selected as test pollutants. The test pathogen 
was an aerial nematode, Anguina tritici causing seed galls on wheat. Wheat 
[Triticum aestivum L.) var. HD-2329 susceptible to A. tritici (Kausar, 
2002) was selected as a test plant for the experiments. 
Preparation of Inoculum 
For preparation of inoculum the seed galls containing thousands of eggs 
were soaked in distilled water (DW) at 27-30°C for 24 h. Second stage 
juveniles were emerged out by gentle crushing of water soaked galls. The 
crushed seeds were vigorously shaken and poured in a set of 80 and 500 
mesh sieves. The catch in 500 mesh sieve was collected into a beaker. The 
obtained suspension was served as stock, from which aliquots containing 
desired juveniles were prepared by counting the number through counting 
dish. One aliquot containing desired juveniles were inoculated to the plant 
at the base of shoot. 
S E C T I O N ! (SO2) 
In this section, the experiments were conducted to observe the effects of 
S02and/i. tritici singly and combined on plant growth, yield, biochemical 
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properties and leaf epidermal characters of wheat var. HD-2329. The 
effects of SO2 on seed germination of wheat and mortality of juveniles of 
A. tritici were also examined. The experiment was started in the mid of 
November, 2004 and terminated in the mid of March, 2005. 
Generation ofS02 Gas 
Sulphur dioxide gas was generated by SO2 generator. The gas was 
produced by the reaction of sodium sulphite (Na2S03) and sulphuric acid 
(10% H2SO4) solutions under controlled condition. The solutions of 
Na2S03 and H2SO4 were loaded separately in reagent bottles and mounted 
over the SO2 generator. The amount was pre-determined by collecting the 
solution through capillary tube in a graduated cylinder for a known period 
of time. The rate in ml per minute was expressed for a desired cone of SO2. 
On the basis of flow rate or solution feeding rate, solution of Na^SO^ was 
prepared to produce required amount of SO2 inside the fumigation 
chamber. However, H2SO4 of 10% was used for all working solutions of 
Na2S03. It is known that on complete reaction of 1 M Na2S03 produces 
IM SO2 or 126 mg of Na2S03 with 10% H2SO4 produces 64 mg of SO2. 
Na2S03 + H2SO4 • SO2T + Na2S04 + H.Oj 
(126mg) (98mg) (64mg) (142mg) (18mg) 
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The different amounts of Na2S03 were taken for production of 0.05, 
0.1 and 0.2 ppm cone of SO2. The outlet of SO2 generator was connected 
to the fumigation chamber by the PVC pipe. 
Fumigation Chamber 
For the experiments, a fiimigation chamber (Precesion Instruments, 
Vanarasi) of 90 x 90 x 120 cm dimension made up of transparent glass 
fiber sheet, equipped with a full sized movable door and an exhaust duct at 
the top of the chamber to carry out the air was used. The bottom plate of 
the chamber was perforated in the form of orifices and nozzles provided 
smooth flow of gas into the chamber. An electric blower at the bottom 
maintained air intake and circulation in the chamber. Voltage supply of the 
blower assembly was maintained by voltage stabilizer to maintain air flow 
rate 2.0 ± 0.013 m"^s''. 
Experiment 1: Effect of SO2 on seed germination of wheat. 
For germination, 100 seeds of wheat were placed separately on wet cotton 
bed laid on 5 cm diam. petri-plates. Total 12 petri-plates including control 
were prepared (4 treatments x 3 replicates). After 24 h, petri-plates were 
exposed to different cones of SO2 (0.05, 0.1 and 0.2 ppm) separately for 3 
h alternate day till 10 days. The control set was not exposed. Number of 
germinated seeds/seedlings was counted after 10 days and germination 
percentage was calculated. 
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Experiment 2: Effect of SO2 on mortality of juveniles. 
For this experiment, nematode suspension containing 100 freshly hatched 
juveniles of A. tritici was transferred to 5 cm diam. petri -plates separately. 
Total 12 petri-plates including control were prepared (4 treatments x 3 
replicates). The petri-plates were exposed to different cones of SO2 (0.05, 
0.1 and 0.2 ppm) for 3 h at different intervals (1'', 2"^ 3''' and 4'*^  day). 
Control set was not exposed. After each exposure, number of killed 
juveniles was observed under stereoscopic microscope and mortality 
percentage was calculated. 
Experiment 3: Effect of SO2 on wheat. 
Plant Culture and Treatments 
For this experiment, seeds of wheat were surface sterilized (dipped in 
0.01% HgCb solution) for 15 minutes followed by three washings with 
distilled water. Five seeds were sown in each autoclaved pots. After 
germination, seedlings were thinned to maintain single seedling per pot 
Each treatment was replicated three times along with a control set. After 10 
days plants were exposed to different cones of SO2 (0.05, 0.1 and 0.2 ppm) 
separately for 3 h twice in a week till 100 days. After each exposure all 
pots were kept on glass house benches in a randomized block design at 
o 
27/23 C day/night temperature. Photosynthetic active radiation was 
PAR>750 (.imol m"" s"' between 1100 and 1200 h and humidity was 
67±5%. The pots were inigated on alternate day. The experiment was 
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terminated after 120 days and plants were uprooted carefully. Roots were 
washed thoroughly under tap water to avoid soil particles and debris. Plant 
growth, yield, photosynthetic pigments (chl a, chl b, total chl a+b and 
carotenoids), seed protein (soluble and insoluble) and seed carbohydrate 
(soluble and insoluble) contents were estimated (details are given further in 
observations). The photosynthetic pigments and leaf epidermal characters 
were examined before maturation of crop (Just after exposures finished). 
Experiment 4: Effect of A. tritici on wheat. 
Plant Culture and Treatments 
Culturing of plants was done similarly as in Experiment 3. Ten days old 
seedlings were inoculated with different levels (2,500, 5,000 and 10,000) 
of freshly hatched second stage juveniles o{ A. tritici at the base of shoot. 
Each treatment was replicated three times. After 120 days plants were 
harvested and all parameters were studied similarly as in Experiment 3. 
Experiment 5: Interactive effect of SO2 and A. tritici on wheat. 
Plant Culture and Treatments 
For the experiment, culturing of plant was done similarly as in 
Experiment 3. After 10 days plants were inoculated with 2,500, 5,000 and 
10,000 juveniles separately. Pots inoculated with different levels were 
exposed concomitantly with different cones of SO2 (0.05, 0.1 and 0.2 ppm) 
separately. A set of nn\nocu\ated and uriQxposQd plants were served as 
control. There were the following treatments: 
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T, = Control T^ = 5,000 N + 0.1 ppm SO2 
T2 = 2,500 N + 0.05 ppm SO2 T- = 10,000 N + 0.1 ppm SO2 
T3 = 5,000 N + 0.05 ppm SO2 Ts = 2,500 N + 0.2 ppm SO2 
T4= 10,000 N + 0.05 ppm SO2 T9 = 5,000 N + 0.2 ppm SO2 
T5 - 2,500 N + 0.1 ppm SO. T,,, = 10,000 N + 0.2 ppm SO2 
Each treatment was replicated thrice. The plants were exposed 3 h 
twice in a week till 100 days. The experiment was terminated after 120 
days and all parameters were studied similarly as in Experiment 3. 
Experiment 6: Interactive effect of SO2, and pre, post and concomitant 
inoculation ofy4. tritici on wheat. 
Plant Culture and Treatments 
For this experiment, culturing of plants was similar as in Experiment 3. 
Ten days old plants were inoculated with 5,000 juveniles of A. tritici. 
Three doses of SO2 (0.05, 0.1 and 0.2 ppm) were applied for pre, post and 
concomitant treatment separately. A set of unexposed plants and a set of 
nematode inoculated plants were also maintained. The treatments were 
given as below: 
7. Concomitant- inoculation exposure 
Exposure was started just after inoculation 
2. Pre- inoculation exposure 
Exposure was done one week after inoculation 
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3. Post- inoculation exposure 
Exposure was done one week before inoculation 
Thus treatments for different cones were designed as follows 
Ti = Control 
T2 = Nematode 
T3 = 0.05 ppm SO2 
T8= 0.1 ppm SO2+ N (Concm.) 
T9 = 0.1 ppmS02+N(Pre ) 
T,o = 0.1 ppm SO2 + N (Post) 
T4 = 0.05 ppm SO2 + N (Concm.) T,, = 0.2 ppm SO2 
Ts = 0.05 ppm SO2 + N (Pre) 
T6 = 0.05 ppm SO2 + N (Post) 
T7 = 0.1 ppmSOs 
T,2 = 0.2 ppm SO2 + N (Concm.) 
T,3 = 0.2 ppm SO2+ N (Pre) 
Tn = 0.2 ppm SO2+N (Post) 
Each treatment was replicated three times. The plants were exposed 3 
h twice in a week till 100 days. The experiment was terminated after 120 
days and all parameters were studied similarly as done in Experiment 3. 
SECTION-Il (ACID RAIN) 
In this section, the experiments were conducted to observe the effect of 
simulated acid rain (SAR) and A. tritici on plant growth, yield, 
biochemicals and leaf epidermal characters of wheat var. HD-2329. The 
effects of SAR on seed germination of wheat and mortality of juveniles of 
A. tritici were also examined. The experiments were started in the mid of 
November, 2005 and terminated in the mid of March, 2006. 
Preparation of Simulated Acid Rain 
For preparation of simulated acid rain, different pH levels (3.0, 4.0 and 
5.0) were developed by mixing of IN H2SO4 and IN HNO3 in ratio of 3:1 
in deionized water. The pH was measured with the help of a digital pH 
meter. The different pH levels were prepared freshly just before each 
exposure. 
Exposure 
Simulated acid rain was applied on plants separately according to 
treatment, inside exposure chamber (90 x 90x 120 cm) using a spray 
nozzle from the exhaust duct. The intensity of the rain was approximately 
4 mm. After each exposure pots were removed and kept on glass house 
benches. The treatments were applied twice in a week till 100 days. 
Experiment 7: Effect of SAR on seed germination of wheat. 
For seed germination, 100 seeds of wheat were placed on each dry cotton 
bed laid on 5 cm daim. petri-plates. Total 4 sets including control were 
prepared with three replicates. Then cotton bed of petri-plate was 
moistened with different levels of SAR (pH 3.0, 4.0 5.0) separately. After 
10 days number of germinated seeds/seedlings was counted and 
germination percentage was calculated. 
Experiment 8: Effect of SAR on mortality of juveniles. 
For this experiment, nematode suspension containing 100 freshly hatched 
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juveniles of ^. tritici was transferred to 5 cm diam. petri-plates separately. 
Different pH levels (3.0. 4.0 and 5.0) were developed by adding the acid 
mixture to nematode suspensions in petri-plates slowly and very- carefully. 
The pH was measured by pH meter. A set containing 100 nematodes in 
DW served as control. Each treatment was replicated three times. The 
mortality of juveniles was observed at different intervals (l", 2""*, 3"^  and 
4'^  day) under stereoscopic microscope, and mortality percentage was 
calculated. 
Experiment 9: Effect of SAR on wheat. 
Plant Culture and Treatments 
For this experiment, plant culturing and setting of experiment were done 
similarly as in Experiment 3. Ten days old seedlings were showered with 
different levels (pH 3.0, 4.0 and 5.0) of SAR separately inside exposure 
chamber for about 4 mm rain with the help of spray nozzle from the 
exhaust duct. A plastic hood was placed at the base of the plant to cover 
the soil surface to prevent the acid deposition during exposure, and 
removed just after each exposure. Control set was not exposed. Each 
treatment was replicated thrice. Treatment was given twice in a week till 
100 days. The experiment was terminated after 120 days and all 
parameters were studied similarly as in Experiment 3 (Section-I). 
Experiment 10: Effect of A. tritici on wheat. 
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Plant Culture and Treatments 
Plant culturing, setting of experiment, inoculation of juveniles and study 
of parameters were done similarly as in Experiment 4 (Same experiment of 
the previous year was repeated to maintain the uniformity with the 
experiments of this year). 
Experiment 11: Interactive effect of SAR and A. tritici on wheat. 
Plant Culture and Treatments 
Culturing of plants was similar as in case of SO2 Experiment 3. Pots 
inoculated with different levels (2,500, 5,000 and 10,000) of A. tritici were 
showered concomitantly with different levels of SAR (pH 3.0, 4.0 and 5.0) 
separately as described in Experiment 9 (Section-II). There were following 
treatments: 
Ti = Control Te = 5,000 N + pH 4.0 SAR 
T2 = 2,500 N + pH 5.0 SAR T7 = 10,000 N + pH 4.0 SAR 
T3 = 5,000 N + pH 5.0 SAR Tg = 2,500 N + pH 3.0 SAR 
T4= 10,000 N + pH 5.0 SAR T9 = 5,000 N + pH 3.0 SAR 
T5 = 2,500 N + pH 4.0 SAR T,o= 10,000 N + pH 3.0 SAR 
Each treatment was replicated thrice. Further, the plants were 
maintained, harvested and parameters were studied similarly as described 
in Experiment 3. 
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Experiment 12: Interactive effect of SAR, and pre, post and 
concomitant inoculation of A. tritici on wheat. 
Plant Culture and Treatments 
For this experiment, plant culturing, setting of the experiment and 
inoculation of juveniles (5,000) were done similarly, as done in case of 
SO2 experiment 6 (Section-I). Three levels (pH 3.0, 4.0 and 5.0) of SAR 
were applied for pre, post and concomitant treatments separately. A set of 
unexposed plants and a set of inoculated plants were also maintained. The 
treatments were given as below: 
Ti = Control Tg = pH 4.0 SAR + N (Concm.) 
T2 - Nematode T9 = pH 4.0 SAR + N (Pre) 
T3 = pH5.0SAR T,o = pH 4.0 SAR ^ N (Post) 
T4 = pH 5.0 SAR + N (Concm.) T,, = pH 3.0 SAR 
T5 = pH 5.0 SAR + N (Pre) T, = pH 3.0 SAR ^ N (Concm.) 
T6= pH 5.0 SAR + N (Post) T,3 = pH 3.0 SAR -^  N (Pre) 
T7 = pH 4.0 SAR T,4 = pH 3.0 SAR ^ N (Post) 
Each treatment was replicated thrice. Each set was treated with 
considered levels of SAR inside exposure chamber for about 4 mm rain 
with the help of spray nozzle from the exhaust duct. Treatment was given 
twice in a week till 100 days. The experiment was temiinaled after 120 
days and parameters were studied similarly as done in Experiment 3. 
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SECTION-III (FLY ASH) 
In this section, the experiments were conducted to study the effects of 
foHar and soil applications of fly ash and A. tritici on plant growth, yield, 
biochemicals and leaf epidermal characters of wheat var. HD-2329. The 
effect of fly ash-extract was also observed on seed germination of wheat 
and mortality of juveniles of v^ . tritici. The experiments were started in the 
mid of November, 2006 and terminated in the mid of March, 2007. 
Preparation of Fly Ash 
For the experiments fly ash was collected from the Thermal Power Plant, 
Kasimpur, Aligarh. It was mixed thoroughly and kept for different 
experiments. For the foliar application, fly ash was dried and crushed in 
mortar and pestle and then passed through 2 mm sieve. The fme particles 
were kept for dusting. 
Preparation of Fly Ash-Extract 
Fly ash-extract was prepared by soaking 1 kg fly ash in 2 liters DW and 
kept for over night in the laboratory. This solution was filtered with the 
help of Whatman filter paper No. 1 lo obtain tly ash-extract and it was 
considered as standard extract. 
Experiment 13: Effect of fly ash-extract on seed germination of wheat. 
For this experiment, different dilutions of fly ash-extract were prepared 
from the standard extract. The treatments were as follows: 
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T, = 100 ml distilled water (0% level) (Control) 
T2 = 12.5 ml fly ash-extract + 87.5 ml D\V (12.5% level) 
T3 = 25 ml fly ash-extract + 75 ml DW (25 % level) 
T4 = 50 ml fly ash-extract + 50 ml DW (50 % level) 
The 100 seeds of wheat were placed on each dr\' cotton bed laid on 
5 cm daim. petri-plate. Total 4 sets including control were prepared with 
three replicates. Then cotton beds of petri-plates were moistened with 
different concentrations of fly ash-extract (0.0, 12.5, 25 and 50%) 
separately. After 10 days germinated seeds/seedlings were counted and 
germination percentage was calculated. 
Experiment 14: Effect of fly ash-extract on mortality of juveniles. 
For the mortality of nematode, different dilutions of fly ash-extract were 
prepared of double strength as given below: 
T, = 100 ml distilled water (0% level) (Control) 
T2 = 25 ml fly ash-extract + 75 ml DW (For 12.5% level) 
T3 = 50 ml fly ash-extract + 50 ml DW (For 25 % level) 
T4 = 100 ml fly ash-extract only (For 50 % level) 
Five ml of different dilutions (double strength) were poured into 5 
cm diam. petri-plates separately. Now 5 ml of nematode suspension 
containing 100 juveniles of A. tritici was transferred separately in each 
petri-plate. Each treatment was replicated three times. A set of three petri-
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plates containing 5 ml DW and 5 ml nematode suspension were served as 
control. After different intervals (l", 2"^ 3"^  and 4"" day) dead nematodes 
were counted under stereoscopic microscope and mortality percentage was 
calculated. 
Experiment 15: Effect of foliar application of fly ash dust on wheat. 
Plant Culture and Treatments 
The plant culture and setting of experiment were done similarly as in case of 
SO2. Experiment 3. Three different doses of tly ash (1.25, 2.5 and 5.0 g m""^ ) 
were used as foliar application. The fine particles of fly ash were dusted by a 
plastic duster, which delivered the particles uniformly over the aerial part of 
plant. A plastic hood was used around the base of the plant to cover the soil 
surface to prevent fly ash deposition. Plants were always irrigated under these 
hoods. Dusting was done twice in a week till 100 days. After 120 days, 
harvesting was done and all parameters were studied similarly as done in 
Experiment 3. 
Experiment 16: Effect oiA. tritici on wheat. 
Plant Culture and Treatments 
Exactly similar experiment was conducted as in Experiments 4 and 10 lo 
maintain the uniformity with the experiments of this section. 
Experiment 17: Interactive effect of foliar application of fly ash and A. 
tritici on wheat. 
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Plant Culture and Treatments 
Plant culture, setting of experiment and inoculation of juveniles were done 
similarly as in case of SO2 Experiment 5 (Section-I). Pots inoculated with 
different levels (2,500, 5,000 and 10,000) of .4. tritici, were dusted with 
three different doses of fly ash (1.25, 2.5 and 5.0 g m' ) separately. The 
treatments were as follows: 
T,-Control T6 = 5,000 N + 2.5 g m"" FA 
T2 = 2,500 N + 1.25 g m"- FA T7 = 10,000 N + 2.5 g m" FA 
T3 =-- 5,000 N + 1.25 g m'- FA Tg = 2,500 N + 5.0 g m "^ FA 
-2 T4 = 10,000 N + 1.25 g m" FA T9 = 5,000 N + 5.0 g m'" FA 
-2 T5 = 2,500 N + 2.5 g m" FA T,o = 10,000 N + 5.0 g m" FA 
Further the pots maintained, harvested and parameters were studied 
similarly as in Experiment 15 (Section-Ill). 
Experiment 18: Interactive effect of foliar application fly ash, and pre, 
post and concomitant inoculation oiA. tritici on wheat. 
Plant Culture and Treatments 
For this experiment, plant culture, setting of experiment and inoculation of 
juveniles (5,000) were done similarly, as done in case of SO2 Experiment 6 
(Section-I). Three doses (1.25, 2.5 and 5.0 g m"^ ) of fly ash dust were 
applied for pre, post and concomitant inoculations separately. Ihe 
treatments were given as below: 
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T] = Control 
T: = Nematode 
T3= 1.25 gm"-FA 
T4= 1.25 g m'' FA + N (Concm.) 
T5 = 1.25gm'-FA + N(Pre) 
T(.= 1.25 gm'-FA+N (Post) 
T- = 2.5 gm'" FA 
Tg = 2.5 g m FA + (Concm.) 
T9=2.5gm"'FA+N(Pre) 
T,o = 2.5 g m"- FA + N (Post) 
T|, = 5.0gm'^FA 
T,2= 5.0 g m"^  FA + N (Concm.) 
T|3 = 5.0gm''FA + N(Pre) 
T,4 = 5.0gm''FA + N(Post) 
Each treatment was replicated three times and each replicate set was 
dusted two times in week till 100 days. After 120 days, plants were 
harvested and different parameters were studied similarly as done in 
Experiment 15. 
Experiment 19: Interactive effect of fly ash amended soil and A. tritici 
on wheat. 
Amendment of Fly Ash with Soil 
For this experiment, fly ash was mixed with autoclaved soil in different 
proportion to prepare 10, 20, 30, 40 and 50% levels. The clay pots of 20 
cm height (15 cm diam.) were filled with 1 kg of each type of mixture. 
Plant culture and setting of experiment was done similarly as in previous 
experiments. Ten days old plants were inoculated with 5,000 juveniles. 
The treatments were given as below: 
Ti = Control T7 = Nematode 
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T3 = 10% Fly ash Tg = 30% Fly ash + N 
T4= 10% Fly ash + N T9 = 40% Fly ash 
T5 = 20% Fly ash T,o = 40% Fly ash + N 
T6 = 20% Fly ash + N T,, = 50% Fly ash 
T7 = 30% Fly ash T,: = 50% Fiy ash + N 
Each treatment was replicated three times. After 120 days, plants 
were harvested and parameters were studied similarly as in previous 
experiments. 
OBSERVATIONS 
Different considered parameters for the experiments of each section were 
as follows: 
1. Plant Growth Parameters 
1.1. Growth 
After termination length, fresh and dry weights (wt.) of root and shoot 
were taken after removing the ear. Shoot length was determined from the 
point of emergence of the root to shoot apex. While, root length was 
recorded from the root emergence to longest root and both were measured 
in centimeter (cm). Fresh wt. of root and shoot were recorded separately on 
electrical balance in gram (g). For dry wt. shoots and roots were wrapped 
in blotting sheets and kept in a hot air oven at 60"C for 48 h. Later dry wt. 
was recorded separately. 
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1.2. Leaf Area 
For estimation of leaf area three leaves of each treatment were taken and 
traced on tracing paper. The areas occupied by these drawings were 
measured with the help of planimeter. 
1.3. Tiller Number 
The number of tillers (branches) per plant were counted. 
2. Yield Parameters 
Ear length was measured in cm and number of seeds'ear was counted. 
Number of cockles (seed gall/ear) were counted in nematode inoculated 
treatment. Weight of 100 sun dried seeds was taken in g on electrical 
balance. 
3. Biochemical Parameters 
3.1. Photosynthetic Pigments 
After 100 days of sowing, photosynthetic pigments were determined by 
taking 1 g of fresh leaves and ground in 80% acetone with the help of 
mortar and pestle. The suspension was filtered through the Whatman filter 
paper No. 1 into a 100 mi volumetric flask and volume was maintained by 
adding 80% acetone. Optical density (O.D.) was read at 480 nm and 
510nm for the esfimation of carotenoids and chlorophyll chl a, b and total 
chl (a+b) at 663 and 645 nm (MacLachlan and Zalik, 1963). These 
pigments were calculated according to the formulae given below: 
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i) Chi a = 12.7 (O.D. 663) - 2.69(O.D. 645) x V mg/g 
1000 X W 
ii) Chi b - 22.9(O.D. 645) - 4.68 (O.D. 663) x V mg/g 
1000 xW 
iii) Total Chi (a + b) = 20.2 (O.D. 645) + 8.02 (O.D. 663) x V mg/g 
1000 xW 
iv) Carotenoids = 7.6 (O.D. 480)-1.49 (O.D. 510) mg/g 
D X 1000 X W 
Where: O.D. = Optical density 
D = Length of the light path 
V = Volume of the chlorophyll solution 
W = Fresh weight of the leaf 
3.2 Seed Protein 
The seed protein of wheat was estimated by the method of Lowry et al. 
(1951). The following reagents were prepared: 
Reagent A - 2% sodium carbonate in 0.IN NaOH in ratio of 1:1 
Reagent B - 0.5% CUSO4 in 1% sodium tartrate in the ratio of 1:2 
Reagent C - 50 ml Reagent A + 1 ml Reagent B (alkaline CUSO4) 
Reagent D - 50 ml of 2% sodium carbonate in 1 ml Reagent B 
Reagent E - Folin's Reagent diluted to make IN acid. 
i). Standard Curve 
A standard curve was developed by dissolving 40 mg of egg albumin in 
O.IN NaOH solution and volume was made up to 100 ml. From this 
solution, aliquots of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml were 
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taken in 10 test tubes separately. Reagent A was added to these test tubes 
and after 10 minutes, 0.5 ml of reagent E was added. The optical density 
was read at 660 nm and standard curve was drawn between O.D. and 
concentrations. 
ii). Soluble Protein 
Five ml of DDW was added in 50 mg dry seed powder in centrifuge tube for 
centrifugation at 4000 RPM for about 10 minutes. After centriftagation 
supernatant was collected in 25 ml volumetric flask and residue was 
retained in the centrifuge tube for the estimation of insoluble protein. After 
making the volume upto 25 ml, one ml of this water extract was transferred 
to a 10 ml test tube followed by addition of 5 ml of Reagent C. This solution 
was mixed and left for 10 minutes. Then 0.5 ml Reagent E was added and 
mixed immediately. After half an hour, the percent (%) transmittance was 
read at 660 nm. A blank was run along with each determination. The protein 
content was determined by using standard curve. 
in). Insoluble Protein 
The residue retained in the centrifuge tube was used for the estimation of 
insoluble protein. Now residue was mixed with 5 ml of 5% trichloroacetic 
acid and shaked thoroughly. After half an hour, it was centrifuge at 4000 
RPM for 10 minutes. The supernatant was discarded. Five ml of IN NaOH 
was added into residue with vigorously shaking. After half an hour, it was 
again centrifuged and supernatant was collected in volumetric flask and 
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volume was made upto 50 ml with IN NaOH. One ml of this solution was 
taken in test tube with 5 ml Reagent D followed by mixing. After 10 
minutes, 0.5 ml of Reagent E was added with immediate mixing. After 30 
minutes percentage transmittance was read at 660 nm. The protein content 
was calculated by using the standard curve. ./^ v?"^ '^ " - i 
3.2 Carbohydrate Estimation \ N> 
Soluble and insoluble carbohydrates were extrkgte'd - accordirig' t9 the 
method of Yih and Clark (1965), and estimated by the method of Dubois et 
al. (1956). Following reagents were prepared: 
Reagent A- I.5NH2SO4 Reagent B - Cone. H2SO4 
Reagent C- 5% Phenol Reagent D - 80% Ethyl Alcohal 
i). Standard Curve 
A stock solution was prepared by dissolving 40 mg glucose in 100 ml 
DDW. From this stock solution, aliquots of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9 and 1.0 ml were taken in separate test tubes and volume was made 
upto 2 ml with DDW. This was followed by addition of 1 ml of 5% phenol 
and 5 ml of cone H2SO4. It was kept in chilled water to cool for half an 
hour. Then solution was transferred to calorimetric tube and optical density 
(O.D.) was read at 490 nm on a spectrophotometer. 
ii). Extraction of Soluble Carbohydrate 
Fifty mg of oven dried seed powder of each sample was transferred to glass 
55 
centrifuge tube. To this, 5 mi of 80% etliyl alcohioi was added and tiien 
iieated at water bath at 60"C for 10 minutes. The sample was cooled and 
centrifiiged at 4000 RPM for 10 minutes. The supernatant was poured into 
25 ml volumetric flask with three washings and final volume was made 
with 80% ethyl alcohol (residue was retained in same centrifuge tube for 
the extraction of insoluble carbohydrate). One ml of this extract was 
transferred in a test tube and evaporated to dr>'ness on a water bath. The 
test tube was cooled and 2 ml of DDW v. as poured into it. This extract was 
used for the estimation of soluble carbohydrate. 
Hi). Extraction of Insoluble Carbohydrate 
To the residue retained in the centrifuge tube, 5ml of 1.5 N H2SO4 was 
added and heated on water bath for 2 h at 90-95"C. The digested sample 
was cooled and centrifuged at 4000 RPM for 10 minutes. The supernatant 
was collected in 25 ml of volumetric flask with at least three washings and 
final volume was made up with DDW. This extract was used for the 
estimafion of insoluble carbohydrate. 
iv). Estimation of Soluble and Insoluble Carbohydrates 
To each test tube contain 1 ml extract of soluble/insoluble carbohydrates, 1 
ml of 5% distilled phenol was pipetted, followed by the addition of 5 ml 
cone H2SO4. Test tubes were shaken well and colour of the solution turned 
yellowish orange. The test tubes vv'ere cooled placing them in chilled water. 
After half an hour, the solution was transferred to calorimeter tube (In case 
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of insoluble carbohydrate, coloured solution and DDW were taken in ratio 
1:1) and optical density (O.D.) was measured at 490 nm. A blank was run 
with each sample. The carbohydrate content was calculated by using 
standard curve. 
3. Leaf Epidermal Character 
The freshly mature leaves from the unharvested plants at the end of the 
exposure (after 100 days) were collected. 
i). Preparation of Leaf Peelings 
The leaves pieces were cut into 1 cm" size. For study of upper epidermis, 
lower epidermis was damaged by gentle scrapping. Similarly, for lower 
epidermis, upper epidermis was scrapped. Now pieces were washed thrice 
with water then pieces were boiled in 20% HNO3 for 2-3 minutes to 
separate the epidermal peels separately. The peelings were washed thrice 
with water and transferred to 20% KOH for 15 min. for neutralization. 
Again peelings were washed thrice. After washing, the peelings were ready 
for staining (Ghause and Yunus. 1972). 
il). Staining 
The washed peelings were kept in freshly prepared iron alum (1%) for 2-3 
minutes, then washed thrice and stained in haematoxylin for 1-2 minutes, 
again washed 3-5 times and transferred to alcohol series (30, 50, 70 and 
90%)) and then finally in absolute alcohol + xylene and xylene. The 
peelings were mounted in Canada balsam. 
57 
Hi). Observation ofStomata and Trichomes 
The slides were examined under light microscope. The number of stomata 
and trichomes on lower and upper surfaces of the leaf were counted and 
calculated in 1mm" surface. The size (length and width) of the stomata and 
stomata! aperture and length of the trichomes were measured in |im on 
both the surfaces. 
5. Statistical Analysis 
The data were analyzed using analysis of variance for single factor 
(ANO\'A) and L.S.D. were calculated at P<0.05 and P<0.01 for 
significance (Gomez and Gomez, 1984). The standard deviation and per 






The results of different experiments of SO2 and A. tritici singly and 
combined on wheat are given below: 
Experiment 1 and 2: Effect of SO2 on mortality of juveniles and seed 
germination of wheat. 
The data presented in table 2 show that all the concentrations (0.05, 0.1 
and 0.2 ppm) of SO2 significantly (P = 0.05 and P = 0.01) killed the 
juveniles of A. tritici, except 0.05 ppm at P = 0.05 in 1^ ' and 2"'' day. 
Mortality of juveniles was started from 1^ ' to 4"" day in all the cones. As 
cone was increased, the mortality (%) was also increased. Highest 
mortality (100%) was observed in 3"* and 4* day with 0.2 ppm. Thus the 
mortality was directly proportional to cone as well as number of days 
increased (Fig. 2). 
Seed germination of wheat was also affected by SO2. As the cone was 
increased the per cent germination was significantly decreased (Table 2, Fig. 3). 
Experiment 3: Effect of SO2 on wheat. 
Results given in table 3 show that all the cones (0.05, 0.1 and 0.2 ppm) of 
SO2 significantly decreased (P = 0.05 and P = 0.01) all plant growth 
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Experiment 1 & 2: Effect of SO2 on mortality of A. tritici and 
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leaf area). Similarly, yield parameters (ear length, no. of grains and wt. of 
100 grains/ear) were also reduced significantly (P = 0.05 and P = 0.01). 
Reductions were cone dependent. Highest reductions were observed at 0.2 
ppm (Fig. 4). Chlorosis, browning and necrosis symptoms were observed 
at higher cone (Fig. 8) 
The biochemical parameters (photosynthetic pigments, carbohydrate 
and protein) of wheat were also adversely affected (Table 4). All the cones 
of SO2 significantly (P = 0.05 and P = 0.01) reduced the chl a, chl b, total 
chl and carotenoids contents when compared to control. Similarly 
carbohydrate (soluble and insoluble) and protein (soluble and insoluble) 
contents were also significantly reduced (Table 4, Fig. 5). 
All cones of SO2 caused significant decrease in number, length and 
width of stomata; as well as length of stomatal aperture of both abaxial and 
adaxial surfaces of the leaf compared to control (Table 5). However, width 
of aperture was increased significantly (P = 0.05 and P = 0.05) on both 
surfaces in all the cones (Fig. 6). The number and length of trichomes were 
increased significantly at lower cone (0.05 ppm), but at higher cone (0.1, 
0.2 ppm) these were decreased compared to control (Table 5, Fig. 7). 
Experiment 4: Effect of A tritici on wheat. 
The data given in table 6 reveal that all inoculum levels (2,500, 5,000 and 
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^ Total Chi 
CD Insoluble protein 
Insoluble carbohydrate 
I Soluble protein 
- Soluble carbohydrate 
Fig, 
Control 0.05 0.1 
Concentration (ppm) 
5 Chlorophyll, carbohydrate and protein 
0.2 
Experiment 3: Effect of SO2 on plant growth, yield and 
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Fig. 7 Trichome 
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Experiment 3: Effect of SO2 on leaf epidermal characters of 
wheat. 
10,000) of .4. tritici significantly (P = 0.05 and P = 0.01) decreased all 
plant growth parameters (length, fresh wt. and dry wt. of shoot and root; 
tillers number; leaf area). Yield of wheat in terms of ear length, no. of 
grains/ear and wt. of 100 grains were also significantly decreased (P = 0.05 
and P = 0.01) compared to control. The number of galls/ear was increased 
as the levels of inoculum increased (Table 6, Fig. 12). The infected plants 
showed stunted growth with distorted ear (Fig. 9), twisted (Fig. 10) and 
crinkled (Fig. 11) leaves. 
Table 7 shows that photosynthetic pigments (chl a, chl b, total chl 
and carotenoids) were found to be decreased significantly (P = 0.05 and P= 
0.01) at all inoculum levels compared to control. Similarly, carbohydrate 
(soluble and insoluble) and protein (soluble and insoluble) were also 
decreased significantly (P = 0.05 and P = 0.01). The highest decrease was 
observed at 10,000 inoculum level (Fig. 13). 
The data given in table 8 show that all the parameters of leaf 
epidermis of both surfaces were significantly reduced in all the inoculum 
levels, except length of stomatal aperture on both surfaces and trichome 
number on adaxial side at 2,500 inoculum levels compared to control 
(Figs. 14-15). 
Experiment 5: Interactive effect of SO2 and A. tritici on wheat. 
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Fig. 8 Chlorosis and necrosis 
symptoms caused by SO2 
Fig. 9 Infected ear and stunted 
growth caused by A. tritici 
Fig. 10 Twisting of leaves caused 
by A. tritici 
Fig. 11 Crinkling of leaf caused 
by A. tritici 
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HH Total chlorophyll tZD Soluble protein 
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-X- Insoluble carbohydrate 
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Fig. 13 Chlorophyll,carbohydrate and protein 
Experiment 4: Effect of A. tritici on plant growth, yield and 
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Experiment 4: Effect of ^ . tritici on leaf epidermal characters 
of wheat. 
were significantly reduced (P = 0.05 and P = 0.01) in all combination of 
SO2 and A. tritici as compared to control. Apparently, all the parameters of 
growth and yield were decreased gradually as cone and inoculum levels 
were increased. However, in general, the parameters were statistically 
similar in each cone when compared among the different inoculum levels. 
For example the parameters in 0.05 + 2,500; 0.05 + 5,000 and 0.05 + 
10,000 treatments are statistically similar. Highest reductions in all 
parameters were observed in 0.2 + 10,000 treatment. All the cones of SO2 
were harmful to nematodes. So gall formation was not occurred in any of 
the combination, except in low cone (0.05 ppm) with highest inoculum 
level (10,000), where 2 galls /ear were formed (Table 9). 
The photosynthetic pigments, carbohydrate and protein contents 
were decreased gradually and significantly (P = 0.05 and P = 0.01) as the 
cone and inoculum levels were increased as compared to control (Table 
10). While, all parameters in each cone with their different inoculum levels 
were statistically similar. Maximum decline in all biochemical parameters 
were observed in 0.2 ppm cone with different inoculum levels as compared 
to 0.05 and 0.1 ppm cone along with their different inoculum levels (Table 10). 
The data presented in table 11 show that number, length and width 
of stomata; length of stomatal aperture of adaxial and abaxial surfaces 
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While width of stomatal aperture of both surfaces were significantly 
increased (P = 0.05) in all treatments compared to control except in 
treatments 0.05 + 5,000 and 0.05 + 10,000. The wider apertures were 
observed in each cone with lower inoculum level (2,500) and slowly 
declined as the levels were increased (Table 11). In general, all parameters 
were non-significant (P = 0.05) among the different inoculum levels when 
compared with their respective cones (0.05, 0.1 and 0.2 ppm). 
The number and length of trichomes were increased significantly (P = 
0.05) in low cone (0.05 ppm) of SO2 with lower inoculum level (2,500) of 
nematode. After that significant and gradual reductions were observed as 
compared to control except in 0.05 ppm with 5,000 nematode combination 
(Table 11). This was statistically similar to control. The number of 
trichomes was also statistically similar in different inoculum levels with 
their respective concentrations (0.1 and 0.2 ppm). However, there was 
diversity in the results of trichomes length. 
Experiment 6: Interactive effect of SO2, and pre, post and concomitant 
inoculation of y4. tritici on wheat. 
In table 12 data indicate that all plant growth and yield parameters were 
significantly (P = 0.05 and P = 0.01) suppressed in all pre, post and 
concomitant inoculated and exposed to SO2 (0.05, 0.1 and 0.2 ppm) 
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of SO2 treatments caused highest suppressions in all parameters when 
compared to their singly SO2 exposed treatments. While, post and 
concomitant inoculated treatments of all cones of SO2 were statistically 
similar to their respective singly SO2 exposed treatments, except in 0.05 + 
N (po) treatment, which was significant only at P = 0.05 level. Highest 
reductions in plant growth and yield parameters were observed in 0.2 + N 
(pr) treatment. On the other hand SO2 exposures also badly affected to 
nematode. So, nematode infection was suppressed in all treatments of all 
cones except in 0.05 + N (pr) treatment, where few (2 galls/ear) galls were 
formed (Fig. 16). 
AH chlorophyll pigments, carbohydrate and protein contents were 
inhibited significantly (P = 0.05 and P = 0.01) in all treatments with 
respect to control set (Table 13). Suppression in all parameters was greater 
in pre and concomitant inoculated treatments of all cones (0.05, 0.1 and 0.2 
ppm). The biochemical parameters in concomitant and post-inoculated 
treatments were non-significant with their uninoculated treatments, except 
few parameters in 0.05 + post-inoculated treatment. While pre-inoculated 
treatments caused significant (P = 0.05 and P = 0.01) and highest reduction 
in all parameters with respect to their uninoculated treatments, except 
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Experiment 6: Interactive effect of SO2, and pre, post and 
concomitant inoculation of ^ . tritici on wlieat. 
Where: Al= 0.05 + N (co); A2 = 0.05 + N (pr); A3 = 0.05 + N (po) 
Bl = 0.1 + N (CO); B2 = 0.1+ N (pr); 33 = 0.1 + N (po) 
CI = 0.2 + N (co); C2 - 0.2 + N (pr); C3 = 0.2 + N (po) 
The data given in table 14 show that single and combined effect of 
SO2 (0.05, 0.1 and 0.2 ppm) and A. tritici (5,000) also affected leaf 
epidermal characters of wheat. But there was great variation in the 
responses against the different treatments. The number, length, width of 
stomata and length of aperture of both surfaces were significantly reduced 
(P = 0.05) in all treatments, while the width of stomatal aperture of both 
surfaces were significantly increased in all SO2 singly and combined 
treatments except pre, post and concomitant inoculated and exposed with 
0.05 ppm cone sets as compared to control. On the other hand all 
parameters of leaf epidermal characters were statistically similar in all 
concomitant, post-inoculated and exposed to different cones (0.05, 0.1 and 
0.2 ppm) of SO2 with respect to their singly exposed treatments, except the 
number of stomata of both surfaces in some treatments. While, all 
parameters in pre-inoculated treatments were statistically significant (P = 
0.05) to their uninoculated treatments. Thus pre-inoculated treatments of 
all cones caused highest reduction in all parameters (Fig. 18). 
Interestingly the trichome number and length on both surfaces were 
significantly increased when exposed singly to lower cone (0.05 ppm) of 
SO2. After that both parameters were declined slowly in subsequent 
treatments (Table 14). Onward 0.1 ppm, these parameters were decreased 
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Fig. 18 Stomata 
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Fig.19 Trichome 
A3 81 B2 B3 
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Experiment 6: Interactive effect of SO2, and pre, post and 
I concomitant inoculation of A. tritici on wheat. 
SECTION-II (ACID RAIN) 
The results of different experiments of simulated acid rain and A. tritici 
singly and combined on wheat are given below: 
Experiment 7 and 8: Effect of SAR on mortality of juveniles and seed 
germination of wheat. 
The data given in table 15 reveal that all pH levels (5.0, 4.0 and 3.0) were 
significantly harmful to A. tritici, except at pH 5.0 in 1^ ' day (P = 0.05 and 
P = 0.01) and in 2"*^  day (P = 0.01). The killing of juveniles was started 
from 1^ ' to 4"^  day. As acidity level was increased, the juveniles mortality 
(%) was increased. The life of juveniles was completely checked at pH 4.0 
in 4^ ^ day and at pH 3.0 after f' day (Fig. 20) 
The seed germination (%) of wheat was significantly inhibited (P = 
0.05 and P = 0.01) at all the levels of SAR. Highest inhibition in 
germination was observed at pH 3.0 level (Table 15, Fig. 21) 
Experiment 9: Effect of SAR on wheat. 
All the levels of SAR (pH 5.0, 4.0 and 3.0) caused significant reduction (P 
= 0.05 and P = 0.01) in all growth (length, fresh wt. and dry wt. of shoot 
and root; tillers no. and leaf area) and yield parameters (ear length, no. of 
grains/ear and wt. of 100 grains) of wheat, except at pH 5.0, where all 
parameters were not significant at P = 0.01 level. As the SAR levels were 
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Control 5.0 4.0 
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Fig. 21 Seed germination 
3.0 
Experiment 7 & 8: Effect of SAR on mortality of A, tritici and 
seed germination of wtieat. 
were observed at pH 3.0 level (Fig. 26). Simulated acid rain caused visible 
symptoms like yellowing and burning of leaves. Highest injuries were 
observed at pH 3.0 level (Figs. 22-25). 
Similarly, photosynthetic pigments, carbohydrate and protein were 
also significantly inhibited at all the SAR levels as compared to control, 
except at pH 5.0 where these parameters were non-significant at P = 0.01 
level(Tablel7, Fig. 27). 
Data given in table 18 show that number, length, width of stomata 
and aperture length of adaxial and abaxial surfaces were significantly 
decreased (P = 0.05) in all treatments of SAR (pH 5.0, 4.0 and 3.0), except 
the stomata number of abaxial surface at pH 5.0. While, width of stomatal 
aperture of both surfaces were increased significantly in all treatments of 
SAR (Fig. 28). In case of trichomes, the number and length were increased 
significantly at lower acidity level (pH 5.0) and after that there were 
significant reductions with respect to acidity levels (pH 4.0 and 3.0) (Fig. 29). 
Experiment 10: Effect of A. tritici on wheat. 
All levels of .4. tritici adversely affected to wheat plant (Table 19). The 
plant growth and yield parameters were significantly (P = 0.05 and P = 
0.01) suppressed at all inoculum levels. As the inoculum levels were 
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Figs: Showing the effect of different concentrations of acid 
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Experiment 9: Effect of SAR on plant growth, yield and 
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increased with increasing the inoculum level and highest was recorded at 
10,000 level (Table 19). 
The data given in table 20 show that photosynthetic pigments, 
carbohydrate (soluble and insoluble) and protein contents (soluble and 
insoluble) were gradually reduced as the inoculum levels were increased. 
The reductions in all parameters were significant in all inoculum levels 
compared to control, except in 2,500 level, where these parameters were 
not significant at P = 0.01. 
Similarly, leaf parameters were also badly affected by A. tritici. 
Number, length, width of stomata; length and width of stomatal aperture of 
both surfaces were significantly (P = 0.05) decreased in all inoculum levels 
as compared to control except in 2,500 level (Table 21). Decreasement in 
all these parameters was directly proportional to inoculum levels. Similar 
results were also obtained in number and length of trichome on both 
surfaces. As the inoculum levels were increased the number and length of 
trichomes were gradually decreased (Table 21) 
Experiment 11: Interactive effect of SAR andy4. tritici on wheat. 
The data summarized in table 22 indicate that all doses of SAR were 
harmful to both A. tritici and wheat. All plant growth and yield parameters 
were significantly reduced (P = 0.05 and P = 0.01) in all treatments 
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and inoculum levels. Simulated acid rain generally, killed the nematodes in 
all the treatments, except at lower dose with higher inoculum levels (5.0 + 
5,000 and 5.0 + 10,000), where few nematodes were able to survive and 
thus 2 and 3 galls were formed respectively. While, at higher acidity levels 
nematodes were suppressed. So, galls were not occurred (Table 22). 
The biochemical properties of wheat were also adversely affected by 
the combined effects of different acidity levels with nematode inoculums. 
Photosynthetic pigments, carbohydrate and protein were significantly (P = 
0.05 and P = 0.01) inhibited in all treatments as compared to control. 
Highest reductions in all biochemical parameters were recorded in higher 
acidity level with highest inoculum (3.0 + 10,000) (Table 23). 
The data given in table 24 show that reduction in number, length, 
width of stomata; length of stomatal aperture of both surfaces were directly 
proportional to acidity and inoculum levels. While width of stomatal 
aperture was widen with the increasing acidity levels. As acidity level was 
increased aperture width of both surfaces were also significantly (P = 0.05) 
increased as compared to control. However, when width was compared 
among the nematode inoculated treatments of each acidity level, it was not 
significant, but apparently declined as inoculum levels were increased. 
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Surprisingly, trichomes number and length of both surfaces were 
significantly increased only in lower acidity and inoculum level (5.0 + 
2,500), however, these parameters were not significant in the next 
treatment (5.0 + 5,000). After that there was significant and gradual 
reduction (P = 0.05) in above parameters. Highest reduction was observed 
in 3.0 + 10,000 treatment (Table 24). 
Experiment 12: Interactive effect of SAR, and pre, post and 
concomitant inoculation of A. tritici on wheat. 
From the table 25, it appears that all levels of SAR and pre, post and 
concomitant inoculation of nematodes adversely affected to wheat. All 
plant growth and yield parameters were suppressed significantly (P = 0.05 
and P = 0.01) as compared to control. Suppression was significantly 
greater in pre-inoculated treatments when compared to their uninoculated 
sets (pH 5.0, 4.0 and 3.0). When concomitant and post-inoculated 
treatments of each acidity level were compared with their uninoculated 
SAR treated sets then all parameters were found, in general, statistically 
similar. The gall formation was also suppressed by acidity levels and 
observed only in pre-inoculated treatments of pH 5.0 and 4.0 levels. The 
gall formation was completely checked in other treatments including pre-
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Experiment 12: Interactive effect of SAR, and pre, post and 
concomitant inoculation of A tritici on wheat. 
Where: Al= 5.0 + N (co); A2 = 5.0 + N (pr); A3 = 5.0 + N (po) 
Bl = 4.0 + N (co); B2 = 4.0+ N (pr); B3= 4.0 + N (po) 
CI = 3.0 + N (co); C2 = 3.0 + N (pr); C3 = 3.0 + N (po) 
Interactive effect of SAR and A. tritici also adversely affected to all 
biochemical parameters of wheat (Table 26). Photosynthetic pigments (chl 
a, chl b, total chl and carotenoids), carbohydrate (soluble and insoluble) 
and protein (soluble and insoluble) were reduced significantly (P = 0.05 
and P = 0.01) in all treatments, compared to control, except at pH 5.0 level, 
where carbohydrate (insoluble) and protein (soluble and insoluble) 
contents were insignificant (P = 0.01). When, these biochemical parameters 
were compared among the treatments of each acidity level of SAR, they 
were statistically similar in all post and concomitant treatments with 
respect to their uninoculated SAR treated set. However, above parameters 
were reduced significantly in all pre-inoculated treatments, except 
carotenoids in 3.0 + N (pr) set when compared to their uninoculated but 
SAR treated sets (Table 26, Fig 31). 
The leaf epidermal characters were also adversely affected by the 
interaction of SAR and nematode (Table 27). The number, length, width of 
stomata and length of stomatal aperture of adaxial and abaxial surfaces 
were significantly decreased (P = 0.05) in all concomitant, pre and post-
inoculated treatments of different pH levels compared to control, except 
stomata number on abaxial surface and width of stomata on adaxial surface 
at pH 5.0 level. All above parameters of both surfaces were significantly 
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Experiment 12: Interactive effect of SAR, and pre, post and 
concomitant inoculation of A, tritici on wheat. 
length in concomitant treatment. Similarly stomatal length in post and 
concomitant sets and width in concomitant inoculated set of both surfaces, 
treated with pH 4.0 level were non-significant (P = 0.05) when compared 
to their singly pH 4.0 treated set. While all parameters in post and 
concomitant inoculated treatments of pH 3.0 level were statistically similar 
to its uninoculated set. However, pre-inoculated treatments of all pH levels 
caused significant suppression in all parameters (Table 27). However, 
aperture width of both surfaces were increased slowly in higher (pH 4.0 
and 3.0) levels and inoculated with concomitant, pre and post treatments. 
While, at lower level (pH 5.0), width of aperture responded variably (Fig. 
32). This was non-significant in post and concomitant sets, but reduced 
significantly in pre-inoculated set. 
Trichomes number and length were increased significantly only at 
lower acidity level (pH 5.0), compared to control. In pH 5.0 + N (co) 
treatment these parameters were also apparently increased. After that they 
were decreased significantly in rest of the treatments. Highest decline was 
recorded in all pre-inoculated treatments (Table 27, Fig. 33). 
SECTION-III (FLY ASH) 
The results of different experiments of foliar and soil applications of fly 
ash and A. tritici singly and combined on wheat are given below: 
73 
Experiment 13 and 14: Effect of fly ash-extract on mortality of 
juveniles and seed germination of wheat. 
The data given in table 28 show that mortality (%) of A. tritici increased 
significantly (P = 0.05 and P = 0.01) at all cones of fly ash-extract from 1^ ' 
to 4**^  day with respect to control, except at 25% in 1^ ' day. The 100% level 
was toxic to nematode. At this level in 2"*^  day, mortality of all juveniles 
was 100%. As cone and number of days were increased, mortality (%) was 
also increased (Fig. 34). 
Seed germination (%) of wheat was apparently decreased as cone 
increased (Fig. 35). But reduction was significant (P = 0.05 and P = 0.01) 
only at 100% fly ash-extract. 
Experiment 15: Effect of foliar application of fly ash on wheat. 
Lower dose (1.25 g m") of fly ash as foliar application was found 
beneficial for plant growth and yield of wheat. All parameters were 
increased significantly (P = 0.05 and P = 0.01). After that there were 
reductions occurred in all parameters. However, decreasement in all 
parameters was non-significant (P = 0.05 and P = 0.01) in 2.5 g m'^  dose, 
while there was significant decrease in 5.0 g m"^  dose as compared to 
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Experiment 15: Effect of foliar application of fly ash on plant 
growth, yield and biochemical parameters of wheat. 
The data presented in table 30 also indicate that the lower dose (1.25 
g m'^ ) of fly ash dust was beneficial for all photosynthetic pigments, 
carbohydrate and protein contents. The increment in all parameters was 
statistically significant (P = 0.05 and P = 0.01) compared to control, except 
carotenoids. But at 2.5 g m' the parameters were statistically similar to 
control, while at 5.0 g m' dose, there were significant reductions in all 
above parameters (Fig. 37). 
Table 31 reveals that 1.25 g m"^  dose of fly ash was also found 
beneficial to all leaf epidermal characters of upper and lower surfaces of 
wheat (Figs. 38-39). Number, length and width of stomata; length and 
width of stomatal aperture and number and length of trichomes were 
increased significantly (P = 0.05), except number and width of stomata, 
and aperture length of abaxial surface compared to control. After that there 
was gradual and significant decreasement in all parameters, except the 
aperture width and trichome length (in 2.5 g m"^ ) and trichome number (in 
2.5 and 5.0 g m"^ ). 
Experiment 16: Effect oiA. tritici on wheat. 
Similar results of ^. tritici on plant growth, yield, photosynthetic pigments 
carbohydrate and protein contents of wheat (Table 32, 33) were observed 
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Fig. 38 Stomata 
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Experiment 15: Effect of foliar application of fly ash on leaf 
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significant reductions in all above parameters in different inoculum levels 
as compared to control. 
The leaf epidermal characters given in table 34 show that number, 
length, width of stomata; length and width of stomatal aperture; no. and 
length of trichomes of both surfaces were reduced significantly (P = 0.05) 
at all levels, except aperture width of abaxial surface, number and length of 
trichomes of both surfaces at 2,500 inoculum levels. Which were 
statistically similar to control set. 
Experiment 17: Interaction of foliar application of fly ash and A. tritici. 
Different doses of fly ash together with nematode, affected variably to 
growth and yield of wheat plant (Table 35). All parameters were 
significantly (P = 0.05 and P = 0.01) increased in the lower dose with low 
inoculum level (1.25 + 2,500) compared to control set. While, all 
parameters in higher dose (5.0 g m"^ ) irrespective of inoculum levels were 
reduced significantly (P = 0.05 and P = 0.01) compared to control. Above 
parameters were also reduced significantly in higher inoculum level 
(10,000) with 1.25 g m'^  and 2.5 g m"^  foliar applications. However, the 
parameters were statistically similar in general, in 1.25 + 5,000; 2.5 + 2,500 
and 2.5 + 5,000 treatments. On the other hand fly ash was also able to kill 
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10,000 and 2.5 + 10,000 treatments of fly ash. Highest galls were^ro^uced 
in 1.25 + 10,000 inoculated set (Table 35). \ r ^ ' V>2> y ' / 
The data summarized in table 36 show that foliar application of 
different doses of fly ash and nematode inoculum also variably affected to 
all biochemical parameters. The lower dose of fly ash with lower inoculum 
level (1.25 + 2,500) enhanced the synthesis of pigments (chl a, chl b, total 
chl and carotenoids); carbohydrate (soluble and insoluble) and protein 
(soluble and insoluble) significantly (P = 0.05 or P = 0.01) compared to 
control, except carotenoids (Table 36). After that all photosynthetic 
pigments were apparently decreased with variation in their significance. 
Above parameters were significantly inhibited in all higher dose or 
inoculum level (1.25 + 10,000; 2.5 + 10,000; 5.0 + 2,500; 5.0+ 5,000 and 
5.0 + 10,000). In rest of the treatments, parameters were non-significant. 
Highest reductions were observed in 5.0 + 10,000 treatment (Table 36). 
The data given in table 37 reveal that foliar application of fly ash 
together with nematode also affected to leaf epidermal characters of wheat. 
Lower dose of fly ash with lower inoculum level (1.25 + 2,500) enhanced 
all the leaf parameters apparently on both surfaces. The stomata no., length 
and width and aperture length were not significant compared to control. 
While, aperture width and number as well as length of trichomes of both 
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their responses with respect to varied treatments. In general, the number, 
length and width of stomata and aperture length were decreased in all 
consequent treatments. While, aperture width and trichome number were 
increased in 1.25 g m' doses with 5,000 and 10,000 inoculum levels, and 
trichome length was increased upto 2.5 + 2,500 treatments. After that there 
was gradual decrease in all treatments (2.5 and 5.0 g m') inoculated with 
different levels of nematodes. The highest reductions in all stomata and 
trichome parameters were found at 5.0 + 10,000 treatment. 
Experiment 18: Interactive effect of foliar application of fly ash, and 
pre, post and concomitant inoculation oiA. tritici on wheat. 
The data summarized in table 38 show that lower dose (1.25 g m"^ ) of fly 
ash singly was beneficial to wheat. Thus all parameters were increased 
significantly. However, concomitant and post-inoculated treatments with 
1.25 g m"^  fly ash showed reductions as compared to singly dusted 
treatments (1.25 g m") but reductions were statistically similar to control. 
The reduction in pre-inoculated set was more as compared to control. The 
dose 2.5 g m' of fly ash was not very harmfial to wheat crop but 
considerably to nematode. So, reductions in all parameters of concomitant 
and post-inoculated treatments were statistically similar to control. 
However, pre-inoculated treatment significantly reduced the growth and 
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plant growth and yield parameters and caused significant reduction (P = 
0.05 and P = 0.01) in all concomitant, pre and post-inoculated treatments, 
compared to control (Fig. 40). 
When combined treatments compared with their singly dusted 
treatments (1.25, 2.5, 5.0 g m"^ ), all concomitant and post-inoculated 
treatments were found non-significant. Reductions in concomitant 
treatments were more than post-inoculated treatments of each dose. Pre-
inoculated and dusted with 5.0 g m" dose caused highest reduction (Table 
38). The higher doses (2.5, 5.0 g m'^ ) of fly ash were adversely affected to 
nematodes, thus no gall was recorded from any treatment irrespective of 
pre, post or concomitant inoculations. However, only few galls were 
recorded in concomitant and pre-inoculated treatments of lower dose (1.25 g 
m"^ ) (Table 38). 
Similar pattern of effect of foliar application of fly ash with pre, post 
and concomitant inoculation of A. tritici were observed on biochemical 
parameters of wheat (Table 39). All photosynthetic pigments were 
increased significantly (P = 0.05 and P = 0.01) at 1.25 g m"'^  alone 
treatment. Carbohydrate and protein contents were apparently increased 
but statistically similar to control. Similar increment was also observed in 
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Experiment 18: Interactive effect of foliar application of fly 
ash, and pre, post and concomitant inoculation of ^ . tritici on 
wheat. 
Where: Al= 1.25 + N (co); A2 = 1.25 + N (pr); A3 = 1.25 + N (po) 
Bl = 2.5 + N (co); B2 = 2.5 + N (pr); 33= 2.5 + N (po) 
CI = 5.0 + N (co); C2 = 5.0 + N (pr); C3 = 5.0 + N (po) 
control. While, concomitant and pre-inoculated and dusted with 1.25 g m' 
treatments caused reductions in all above parameters. 
Higher doses of foliar application (2.5 and 5.0 g m''^ ) reduced all 
biochemical parameters. But there was a great diversity in the responses.' 
All parameters in all treatments of 2.5 g m" fly ash dose, except pre-
inoculation were reduced apparently but statistically similar to control. 
While, pre-inoculated treatment significantly reduced these parameters 
compared to control. On the other hand, 5.0 g m" fly ash application 
caused significant and highest reduction in all parameters when inoculated 
with pre, post and concomitantly compared to control (Fig. 41). When all 
above parameters in these treatments were compared with their respective 
uninoculated doses (1.25, 2.5 and 5.0 g m'), then parameters in 
concomitant and post-inoculated treatments were statistically similar. 
Reduction in post-inoculated treatment was less than concomitant 
inoculated treatments. While, significant reductions were recorded in pre-
inoculated treatments (Table 39). 
Foliar application of fly ash with nematode also altered the leaf 
epidermal characters of wheat (Table 40). Lower dose of fly ash (1.25 g m"^ ) 
positively affected to stomata of both surfaces. Concomitant and post-
inoculated treatments of this dose showed non-significant reductions in 
general, in number, length, width of stomata and length of stomatal 
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aperture. While, 1.25 g m" + pre-inoculated treatments caused significant 
reduction in all above parameters. However, stomatal aperture width, no. 
and length of trichomes were significantly (P = 0.05) increased in 1.25 g 
m" singly as well as with all combinations (pre, post and concomitant) 
compared to control set. All treatments of higher doses of fly ash (2.5 and 
5.0 g m") irrespective of single or combined reduced all above parameters 
compared to control, except trichomes no. and length, which showed 
varied responses at different treatments. When all parameters of stomata 
and trichomes in all these treatments were compared with their 
uninoculated set (1.25, 2.5 and 5.0 g m") then parameters in concomitant 
and post inoculated treatments were statistically similar to their 
uninoculated sets, while, pre-inoculated treatments of each dose caused 
significant and highest reductions (Table 40, Fig. 42-43). 
Experiment 19: Effect of soil application of fly ash on A. tritici and 
wheat. 
The data given in table 41 reveal that soil application of fly ash was 
beneficial to wheat crop. All plant growth and yield parameters were 
increased significantly upto 40% levels compared to control. At 50% level, 
there was decline in these parameters. Apparently the growth and yield 
were increased slowly upto 30% level, after that there was slow decline in 
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Experiment 18: Interactive effect of foliar application of fly 
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amended soil. In combined treatments of A. tritici and fly ash, the growth 
and yield were also increased from 20 to 40% levels compared to control, 
but less than their respective single fly ash amendments. Highest increase 
was observed at 30% combination. However, at 10 and 50%) + nematodes 
combinations, all parameters were reduced. A cockle/ear was observed at 
10% combination (Fig. 44). 
The data summarized in table 42 show that all photosynthetic 
pigments (chl a, chl b, total chl and carotenoids), carbohydrate (soluble and 
insoluble) and protein (soluble and insoluble) were significantly increased 
from 10-40%) fly ash application and maximum at 30%) level. However, at 
50% level all these parameters were declined. In combined treatments from 
20-40% levels all parameters were increased, but the increments were less 
than their respective single fly ash amendments. Maximum increase was 
observed at 30% combinations. However, at 10 and 50% + nematode 
combinations, all biochemical parameters were reduced (Table 42, Fig. 45). 
Similar pattern of effect of soil application of fly ash singly and in 
combinations with A. tritici were observed on all epidermal characters of 
wheat as in previous tables 41 and 42. All leaf parameters were increased 
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Experiment 19: Interactive effect of fly ash amended soil and 
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Since air pollution is a relatively new factor in agriculture, its impact 
including on diseases caused by various biotic pathogens needs to be 
thoroughly examined. The present study was a step in this direction and 
considered two groups of pathogens: Anguina tritici (biotic) and air 
pollutants (abiotic) on a common host (wheat). The host-parasite 
relationships of both pathogens were different. The expected impacts of 
both pathogens separately in artificial treatments on wheat were direct. 
However, combined impacts were different. Both the pathogens interacted 
antagonistically, whenever they combined together irrespective of pre, post 
and concomitant inoculations. That's why according to antagonistic 
interaction formula, the combined effects of both pathogens (Pi and P2) 
were always found less than the sum of their individual effects (effect Pi P2 
< effect Pi + effect P2). 
For example in table 12, the shoot length of wheat in control. Pi 
(nematode), P2 (0.05 ppm), and Pi P2 (0.05 + N (Pr)) treatments was 65.9, 
59.2, 61.0 and 57.8 respectively. The reduction in length due to Pi was 
65.9 - 59.2 = 6.7 cm; in P2: 65.9 - 61.0 - 4.9 cm and in P, P2: 65.9 - 57.8 -
8.1 cm. Now: Pi P2 < Pi +P2or 8.1 < 6.7 + 4.9 or 8.1 < 11.6. So, 8.1 is 
less than 11.6. 
SECTION! (SO2) 
Sulphur dioxide exposures induced the juveniles mortality in DDW 
suspension. The effect was consistently concentration and time dependent. 
Perhaps SO2 by dissolving in water lowered the pH of suspension which 
might have become toxic to A. tritici. The inhibition in hatching of M 
incognita and M.javanica due to SO2 has been observed by Singh (1989). 
All the cones of SO2 suppressed the seed germination of wheat. The 
suppression of enzymatic activities, which are vital for the seed 
germination are mainly regarded as mode of action of the pollutants for 
adverse effect on seed germination (Pierre and Queiroz, 1981; Tanaka et 
ai, 1982). Nandi et al. (1980) observed reduction in seed germination of 
Phaseolus aureus, when exposed to SO2, O3 singly and combinations. 
Their study indicated that the reduction caused by exposures resulted from 
reduced activities of catalase and peroxidase and reduction in protein 
content of the seed during the seed germination. Singh (1989) also 
observed the reductions in seed germination of chickpea and lentil when 
exposed to different cones of SO2. 
Plant growth and yield of wheat were considerably suppressed by 
SO2. All the cones were found to be toxic to this crop. The toxic effects of 
SO2 have also been observed on chickpea, lentil (Singh, 1989), pea (Singh 
et al, 1995), eggplant, okra, tomato (Khan and Khan, 1994 a, b; 1997; 
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Khan et al., 1995), jowar (Dodd and Dolley, 1998), wheat (Agrawal and 
Verma, 1997; Deepak and Agrawal, 1999). Actually SO2 enters through 
stomata in the mesophyll tissue of the leaves and reacts with water to 
produce sulphite ion (SO3'") which slowly oxidized to sulphate ion (SO4""). 
The SO3'" is about 30 times more toxic than SO4'' (Thomas et al., 1943). 
The suppression was apparently due to the interference of SO2 in various 
metabolic processes related to synthesis of pigments (Khan and Khan, 
1993; Sharma and Prakash, 1991). SO2 causes conversion of chlorophyll 
into pheophytin and reduces it in a photosynthetically inactive compound 
(Launorth and Dodd, 1981). Disturbance in synthesis of pigments may 
reduce photosynthesis leading to decrease in overall plant growth, yield 
and carbohydrate contents (Pierre and Queiroz, 1981; Tanaka et al., 1982). 
The structural intensity of proteins is also disturbed by the accumulation of 
HSOs" and SO3"' as a result of SO2 concentration. Thus, the reductions in 
growth, yield, photosynthetic pigments, carbohydrate and protein contents 
of wheat are in support of other researches (Khan and Khan 1994 b, 1997; 
Kumar and Yadav, 1986; Panigrahi et al., 1992; Prakash et al., 1989; 
Singh era/., 1995, 1997). 
Inhibitory effects of SO2 on development of stomata might be a 
morphological adaptation of wheat leaves to check excessive transpiration, 
with accompanying effects on pollutant uptake. SO2 can injure the stomatal 
apertures, fixing the pore in an open position (Black and Unsworth, 1980). 
In a number of plants e.g. barley, eggplant, maize and okra wider apertures 
of stomata have been observed in polluted atmosphere (Khan and Khan, 
1991, 1994a, b; Mejemik and Mansfield, 1970). The increment in number 
and length of trichomes in 0.05 ppm were perhaps due to defense 
mechanism to keep them away from leaf surface. However, at higher cones 
they were adversely affected due to toxic effect of gas. 
A. tritici is a very serious pathogen of wheat causing "Ear cockle" 
disease. In the present study a susceptible variety HD-2329 to A. tritici 
(Kausar, 2002) was selected. All the levels caused basal swellings, 
crinkling and twisting of leaves. Infected ear heads were thinner and 
deformed with broken and distorted awns and contained galls. The galls 
were green in the beginning and later become comparatively brown and 
black at maturity. Due to stunted growth all the other parameters as yield, 
biochemical and leaf characters were also affected adversely. The severity 
of disease was inoculum level dependent. Similar damaging effects oi A. 
tritici on wheat in India have also been observed by Gupta and Swamp 
(1968), Kausar et al. (2006), Kaushal (1998), Khan and Athar (1998), 
Paruthi and Bhatti (1990) and Parveen et al. (2002). 
Sulphur dioxide singly or in combination caused chlorosis and 
browning and necrosis of the leaves of wheat. Similar symptoms have also 
been observed earlier on the leaves of green plants (Barret and Benedict et 
al, 1970; Kausar et al, 2006; Khan and Khan, 1994 a, b; Singh, 1993; 
Taylor and Edaton, 1966). SO2 by causing pheophytinization and photo-
oxidation of the leaf pigments (Varshney and Garg, 1979) would have 
induced the symptoms. 
The reduction in plant growth and productivity in combined sets 
were less than the nematode alone inoculated set. The intensity of disease 
appeared to be decreased in SO2 exposed treatments. Therefore, it can be 
implied that SO2 stressed wheat plants are likely to suffer less pathogenic 
damage caused by A. tritici. Possibly, the two adverse factors: gaseous 
pollutant and aerial nematode interacted antagonistically and improved 
slightly the plant growth and yield. However, the improvements were not 
significant when compared to control. Because SO2 directly caused enough 
damage to wheat plants. The seed galls formation was also not observed at 
higher cones as all juveniles were killed. Because this is an aerial parasite, 
which remains in very exposed position to polluted atmosphere. Further, 
they were dependent on the epidermal cells for their host parasite 
relationship. But SO2 might have injured the epidermal cells and reduced 
the leaf surface area available for feeding sites of larvae. Several other 
obligate fungal and nematode parasites are known to be sensitive to SO2 
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(Heagle, 1982; Kausar et al, 2006; Khan and Kausar, 2005; Khan and 
Khan, 1990, 1994 a, b, 1997; Singh etal, 1993, 1995, 1997). 
In exposed plants, irrespective of the inoculum levels, leaf pigments 
were reduced in comparison to unexposed plants. However, the reduction 
was inoculum level and SO2 cone dependent. Reduced chlorophyll of the 
leaves and lowered enzymatic activities in exposed plants would cause 
reduction in plant growth, yield and carbohydrate contents. Protein 
contents of wheat seeds were reduced by exposures of the plants in all 
treatments in comparison to unexposed plants. SO2 + A. tritici exhibited 
antagonistic interaction in their effect on protein content of seeds. Direct 
interference of the air pollutants in the metabolic activities of plants related 
to protein synthesis and indirect effects by causing poor plant growth 
possibly reduced protein contents (Cracker and Starback, 1972; Khan and 
Malhotra, 1983; Singh, 1989; Singh, 1993; Singh etal, 1993). 
Stomata have been found to be adversely affected by SO2 and A. 
tritici alone and in combination and were correlated with the extant of the 
leaf injury. Fewer stomata with reduced size revealed the self-defense of 
the wheat plant to check the entry of gaseous pollutants in leaf. However, 
wide apertures of stomata were due to SO2 injury to epidermal and guard 
cells (Khan and Khan, 1991; Unsworth and Black, 1981). Increment in 
number and size of trichomes at low cone were apparently the 
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morphological adaptations of the plant to defend from the pollutants. 
Trichomes are known to offer outer line of physical defense against the 
toxic gases (Levin, 1973). Similar responses of trichomes on leaf surface 
of Abelmoschus esculantus, chickpea, Croton bonplandianus, eggplant, 
Euphorbia hirta, lentil, and Psidium guajava were recorded by Ghause 
and Khan (1978), Gupta and Ghause (1987 a, b), Khan and Khan (1994 b, 
1997), Singh (1989) and Zaidi et al. (1979). The interactive effects of SO2 
and A. tritici on leaf epidermal characteristics of wheat were antagonistic. 
The inhibitory effect of the SO2 exposures might have resulted from direct 
toxic effect on A. tritici. In a study, Weber et al. (1979) found different 
responses of some nematodes infecting soybean exposed to SO2 and O3 
alone and in combination. Reproduction and development of Heterodera 
glycines and Paratrichodorus minor were inhibited but Belonolaimus 
longicaudatus was not affected. SO2 enhanced reproduction of 
Paratylenchus penetrans. Foliar injury of begonia induced by SO2 
exposures inhibited the Aphelenchoides fragariae population. 
In present investigations, the adverse effects of A. tritici on various 
parameters were highest in pre-inoculation followed by post-inoculation 
and least in concomitant inoculation exposures. The variation in the 
adverse effect oiA. tritici on parameters of plants might be due to variation 
in the infection caused by pre, post and concomitant inoculations. Slightly 
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less reduction in the concomitant inoculation exposure of SO2 gives an 
evidence of direct effect on the nematodes (juveniles) making them 
incapable to climb on growing points, while in pre-inoculation exposure, 
no pollution stress was occurred for one week, so highest reduction was 
recorded. In the post-inoculation exposure also the direct effect of 
pollutants can be envisaged because the exposed plants before inoculation 
of the nematodes had already altered physiological status. This ahered 
status of the exposed plants might have changed the chemical nature of the 
feeding sites. Thus, nematode could not cause enough damage. There was 
generally the effect of SO2. Similar results have also been observed by 
Weber et al. (1979) on begonia. They obtained greater inhibition in 
reproduction of A. fragariae on begonia leaves, when exposed to SO2 and 
SO2 + O3 mixture prior to nematode inoculation. Present findings also 
confirm the results of Singh (1989), Singh (1993) and Khan and Khan 
(1994 a, 1997), who worked on root-knot nematodes, M incognita and M 
javanica exposed to SO2 in chickpea, lentil, soybean, tomato and okra 
plants. 
Both SO2 and^. tritici together in various combinations of pre, post 
and concomitant or with different inoculum levels or exposed with 
different cones of SO2 interacted antagonistically, ultimately causing less 
reduction on the various parameters than the sum of their individual 
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effects. In this respect, the interaction of SO2 and A. tritici was 
antagonistic. The findings show that SO2 exposures affected all the living 
components of the systems. 
SECTION-II (ACID RAIN) 
Acid rain causes morphologically and anatomically injury to plants (Wood 
and Bormann, 1974), producing symptoms as chlorosis and necrosis in 
leaves (Shriner, 1978). The biotic plant pathogens are also affected by the 
acidity (Asai and Futai, 2005; Khan and Khan, 1994c; Singh, 1989). 
In present study, all pH levels of SAR were harmful to A. tritici 
juveniles. As acidity levels were increased the juveniles mortality 
increased. It was due to direct effect of acidity on nematode larvae. The 
juvenile hatching of root-knot nematodes is known to be affected by the 
pH level. The optimum pH for hatching is 7, and inhibition occurs at pH 
level lower than 7 (Ahmad and Khan, 1964; Wallace, 1966). SAR also 
adversely affected the seed germination of wheat. The toxic effects of 
sulphate ions might have adversely affected the physiological and 
biochemical activities of seeds during the germination. The inhibition in 
seed germination by acidified rain has also been observed on chickpea, 
lentil and Clitoria ternatea (Shauqat and Shafiq, 1998; Singh, 1989). 
* 
Chlorosis, necrotic lesions and tip injury on leaves were observed in 
plants exposed to SAR. Symptoms were more pronounced in pH 3.0, 
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Johnston and Shriner, (1985) also observed leaf tip necrosis in wheat at pH 
4.3 and 2.3. While, no foliar injury was observed in wheat plants exposed 
to pH 5.0 and 4.0 levels. It was due to low sensitivity of monocots to acid 
rain based on visible effect of foliage (Singh and Agrawal, 2004). Lee et 
al. (1980) reported that even if visible injuries did not develop under SAR 
conditions, reduction in plant growth could be detected. The adverse 
effects of simulated acid rain on plant growth, yield, photosynthetic 
pigments, carbohydrate and protein contents were directly correlated with 
pH level of the rain. Shriner and Johnston (1981) have also concluded that 
pH level was mainly responsible for growth reductions of soybean caused 
by acid rain. The reports available in literature show that reduction in 
growth and yield of crop plants generally occurs when plants are exposed 
to acidified rain (Evans et al., 1986; Johnston and Shriner, 1985; Singh, 
1989; Singh and Agrawal, 1996). 
Similarly, SAR also hampered to all biochemical parameters of 
wheat. Photosynthetic pigments were inhibited with respect to acidity 
levels. Reduction in the pigments was perhaps due to removal of Mg^ 
from the tetrapyrol ring of chlorophyll molecule by H"^  (Foster, 1990) or 
due to the increase in transpiration rate by acid rain (Evans et al., 1977). 
Similar results were observed on alfalfa, lentil, chickpea and tomato leaves 
(Khan and Khan, 1994 c; Takemoto et al, 1988; Singh, 1989). Recently, 
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reduction in photosynthetic pigments have also been observed in many 
crops i.e. mustard, radish, potato and Phaseolus vulgaris (Agrawal et al., 
2005; Kausar et al., 2005; Khan and Devpura, 2005; Varshney et al., 
2005). 
The reduction in carbohydrate contents might have been caused 
through the overall poor growth leading to poor yield (seeds). Proteins 
were also reduced in seed of wheat exposed to SAR. Such an effect could 
be due to inhibition of amino acid under acidic condition, which is a 
constituent of protein synthesis. Reduction in protein contents has also 
been observed by acid rain in chickpea, lentil, soybean, wheat etc. (Evans 
et al., 1981, 1983; Khan and Devpura, 2005; Singh, 1989). Surprisingly, 
leaf epidermal characters response pattern to SAR was similar to those of 
SO2 effects (Section-I). But causes were different. Foster (1990) recorded 
appreciable losses of K ,^ Ca^ ^ and Mg"^  from the foliage of tomatoes 
exposed to acid rain at pH 5.6-2.5. These losses might have been 
responsible for the wide aperture of stomata of wheat plants treated with 
SAR. The trichomes number and length was increased in plants exposed to 
pH 5.0. It may be due to adaptive response induced in plants to provide 
mechanical defense against pollutant (Levin, 1973). Similar result was 
observed on tomato at pH 5.6 by Khan and Khan (1994 c). However, this 
response was failed at higher acidity levels (pH 4.0 and 3.0), where. 
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number and length of trichomes were suppressed. Perhaps presence of 
sulphite ion in higher amount was directly responsible for suppression. 
The response pattern of wheat to different inoculum levels of A. 
tritici singly was more or less same as discussed in SO2 section. Interaction 
between SAR and A. tritici in all the combinations on wheat crop was 
antagonistic. The combined impacts of both irrespective on plant growth, 
yield, photosynthetic pigments, carbohydrate and protein contents and leaf 
epidermal characters were almost similar to those of combined impacts of 
SO2 and A. tritici in respective combinations. However, magnitudes of 
effects and amounts of suppression varied. The causes were perhaps same 
as discussed previously in SAR single exposures. The magnitudes of 
effects and amount of suppressions caused by SAR were slightly less than 
SO2. However, when both factors combined together caused some 
suppression in all considered parameters but these suppressions were less 
than the sum of their individual effects. Actually SAR directly affected to 
both nematode as well as plant. Due to antagonistic effect of SAR, 
nematode could not survive longer, thus caused less or negligible damage 
to wheat. 
The effect of acid rain on nematodes has gained negligible study. 
The decreased root infection and reproduction of M. hapla in red kidney 
beans under the stress of acid rain was demonstrated by Shriner (1978). 
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Bolla and Fitzsimmons (1988) found that reproduction of Bursaphelechus 
xylophilus was decreased in pine seedlings treated with acid rain. Singh 
(1989) observed reduced gall formation and reproduction of M incognita 
and M. javanica on chickpea and lentil treated with acid rain. Khan and 
Khan (1994 c) observed antagonistic interaction between SAR and M. 
incognita on tomato. The present findings are in accordance to these 
observations. Some cockles occurred at higher inoculum levels (10,000) 
with lowest SAR level (pH 5.0). This might be due to escape of some 
larvae from the influence of SAR, which succeeded in developing disease. 
Cockles formation occurred in the plants where pre as well as concomitant 
inoculation-exposure were done, while, in post-inoculation treatments 
cockles were not formed. This difference indicated the alterations in the 
physiology which made plants tolerant to nematode infection (Evans, 
1982; Bolla and Fitzsimmons, 1988). Thus effect of nematodes varied in 
relation to SAR levels as well as inoculation patterns. Consequently, the 
interactive effects also varied on various parameters. 
SECTION-III (FLY ASH) 
Although fly ash is a particulate air pollutants but it contains various utilizable 
plant nutrient elements such as Ca, Mg, Fe, Cu, Zn, K, Mn, B, S, and P 
along with appreciable amounts of heavy metals (Adriano et al., 1980). 
The response of plants to micro and macro-nutrients in fly ash may vary 
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from beneficial effects of small concentrations of nutrient element to toxic 
effects of high concentrations of many elements (Chang et ai, 1977). Fly 
ash also influences plant diseases caused by biotic pathogens, including 
plant parasitic nematodes. 
In the present study fly ash-extract was tested against A. tritici 
juveniles. The rate of the juveniles mortality was directly proportional to 
concentration and time intervals. This might be due to presence of toxic 
compounds i.e. dibenzofuron, dibenzo-p-dioxine and heavy metals (Helder 
et ai, 1982). Similar results were also observed by Tarannum et al. (2001) 
and Khan and Iram (2005) on M. incognita and M. javanica. Juvenile 
hatching of root-knot nematodes was also suppressed by fly ash-extract 
and fly ash amended soil (Khan and Iram, 2005; Singh, 1989; Tarannum et 
al, 2001). 
Seed germination of wheat was not much affected at lower level of 
fly ash-extract. It might be due to presence of many micro and macro-
nutrients in fly ash-extract (Wong and Wong, 1989). But higher cones 
showed deleterious effect on seed germination, perhaps due to presence of 
some toxic elements. Mishra and Shukla (1986) also observed that lower 
cone (0.5 to 1.0 %) of fly ash had no effect on seedling of com and 
soybean, while higher cone caused deleterious effect on the seedlings. 
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Wheat plant dusted with different doses of fly ash did not show any 
visible injury. Interestingly, the lower dose (1.25 g m") was found 
beneficial to plant growth, yield, photosynthetic pigments, carbohydrate 
and protein contents of wheat. It was due to availability of more than 10% 
water soluble components like S, Ca, Mg especially boron through leaf 
surface (Elseewi et al., 1980). The absorption of water soluble salts has 
also been observed by Rohrman (1971). The transport of the elements 
through intact cuticles and stomata has been reported by Murray (1994). 
The absorbed elements actually improved the plant growth. Other side 
photosynthetic pigments were also increased which led to increase the 
photosynthetic rate. Thus the cumulative effects caused increment in all the 
considered parameters of wheat. Present findings also confirm the results 
of Mishra and Shukla (1986) on maize, and Siddiqui and Singh (2005) on 
wheat at lower dusting rate. 
However, higher dusting rate of fly ash adversely affected the wheat 
plant. Actually fly ash formed a thick layer on the surface of leaves and 
stem. Thick layer interferes with incidence of light and thus retards the 
photosynthesis (Mishra and Shukla, 1986). Reduction in chlorophyll 
content at high dusting rate is attributed to the alkalinity caused by 
excessive soluble salts on the leaf surfaces (Elseewi et al., 1980), and also 
due to increase foliar temperature, which retards chlorophyll synthesis 
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(Mark, 1963). Reduced photosynthetic pigments perhaps caused less 
production of food in leaves and insufficient supply of food material to 
plants, which led to reduction in all the growth parameters. Ultimately, all 
other parameters like yield, carbohydrate and protein contents were 
reduced. Similar results have also been observed with high dusting rates of 
fly ash on maize (Mishra and Shukla, 1986), wheat (Siddiqui and Singh, 
2005), potato (Raghav, 2006). Similar results with cement dust were also 
found earlier on bean by Darley (1966), at 3.8 g m"^  and on Vigna mungo 
by Prasad and Inamdar (1990). 
All stomatal parameters were increased at 1.25 g m"^  foliar 
application, while width of aperture was widened. It was due to the 
deposition of fly ash particles on the leaf surface of guard cells (Mishra 
and Shukla, 1986), stimulated the mechanism of regulating the opening 
and closing of the stomata and prevents them from being closed (Fluckiger 
et al, 1979; Krajickova and Mejstrik, 1984). While in heavily dusted 
leaves (2.5 and 5.0 g m" ) a thick layer of dust was formed, which checked 
the opening and closing mechanism by plugging the stomata and also 
caused reduction in their numbers. However, the number and length of 
trichomes were increased at 1.25 g m'^  fly ash dust. The stimulation of 
trichome number and increment of length might be a morphological 
adaptation of wheat plant against the dust particles to prevent on leaf 
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surface, in order to provide physical defense against toxic gases and 
particulate matter (Levin, 1973). Raghav (2006) also reported similar 
results on potato plant. However, at higher dose (5.0 g m''^ ) the length and 
number of trichomes were suppressed significantly. It might be due to 
failure of adaptive response of plant because of high dust fall. 
The response pattern of wheat to different inoculum levels of A. 
tritici singly was more or less same as discussed in SO2 section. 
The concomitant effect of foliar application of different doses of fly 
ash and different inoculum levels interacted antagonistically and all doses 
of fly ash were able to suppress the nematode effect and killed them. As a 
resuh plant growth, yield, photosynthetic pigments, carbohydrate and 
protein contents were better than nematode alone inoculated set. Even 
lower dose of fly ash was able to check the nematodes effects. So, lower 
dose (1.25 g m''^ ) with lower inoculum level (2,500) was found beneficial 
to wheat plant. Only few galls were formed in treatments inoculated with 
5,000 and 10,000 juveniles. The killing of nematodes was perhaps firstly 
due to presence of some toxic substances in fly ash and secondly 
deposidon of fly ash formed a thick layer which might be acted as a barrier 
in the movement of the larvae. Actually larvae climb to growing points of 
seedlings and carried mechanically upto inflorescence (Paruthi and Bhatti, 
1990). At higher inoculum level some of the juveniles were able to reach 
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the floral primordia and formed the galls. The higher doses of fly ash 
combined with nematodes suppressed all the considered parameters of 
wheat similarly, as discussed previously (fly ash without nematode 
experiment). 
The leaf epidermal characters were affected positively at lower dose 
perhaps due to increment in health status of plant which led to increase leaf 
area (Mishra and Shukla, 1986). However, at higher doses all parameters 
of stomata and trichomes were decreased similarly as already discussed. 
In present investigations, pre-inoculated treatments of all doses were 
found harmful to wheat plant followed by concomitant and post-inoculated 
treatments except post-inoculation with lower dose (1.25 g m' ). Because 
in this treatment nematode could not affect too much to pre-dusted plant 
and other side the dose (1.25 g m" ) is beneficial to the crop. In pre-
inoculated set with lower dose all growth, yield, biochemicals and leaf 
characters were reduced because nematodes were present prior to dusting, 
so they could cause much damage before interaction, but later nematodes 
were killed by the foliar application due to which seeds were not 
transformed into galls. However, in higher doses, irrespective of pre, post 
and concomitant inoculations, reduction were observed in all the 
parameters of wheat. The antagonistic interaction was found in all 
combinations. 
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The soil application of fly ash ameliorated plant growth of wheat 
and suppressed the A. tritici in pots. Improved plant growth with fly ash 
has been observed earlier (Elseewi et ai, 1980; Mishra and Shukla, 1986). 
Due to better health status of plant, the yield, photosynthetic pigments, 
carbohydrate, protein contents and leaf characters of wheat were also 
increased. The beneficial effects of fly ash were found from 10 to 40% 
levels in soil, and optimum being at 30%. Similar beneficial effects on 
above parameters have also been observed on a number of crops like 
Brassica juncea, cabbage, Capsicum, chickpea, collard greens, com, 
cucumber, groundnut, Lactuca sativa, lentil, mustard green, okra, radish, 
rice, soybean, sunflower, tomato, Vigna mungo, wheat etc. (Khan and 
Khan, 1996; Menon et ai, 1990; Rengifo et al, 1996; Sahu and Dwivedi, 
1999; Sarangi and Mishra, 1998; Siddiqui et al, 2000; Singh, 1989; Singh 
1993; Singh and Singh, 1986; Tarannum et al, 2001, Upadhyay, 2004; 
Upadhyay and Khan, 2002). However, the responses of various crops were 
different to different levels of fly ash (10-50%). 
Higher level adversely affected the plant growth and other 
parameters of wheat. The adverse effects of fly ash at higher level of 
application are attributed to excess of micro nutrients (Adriono et al, 
1980) and toxicity of compounds like dibenzofuron and dibenzo-p-dioxine 
as well as heavy metals found in fly ash (Helder et al, 1982; Mishra and 
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Shukla, 1986; Wong and Wong, 1986). Harmful effects of higher levels 
above 50% have been observed on Brassica juncea, chickpea, cucumber, 
lentil, Linum usitatissimum, maize, potato, soybean and tomato, (Mishra 
and Shukla, 1986; Pasha et al., 1990; Raghav, 2006; Raghav and Khan, 
2002; Singh, 1993; Upadhyay and Khan, 2002). On the other hand, the soil 
application of fly ash checked the effect of A. tritici with respect to levels. 
This might be due to the excess of salts, toxic compounds and heavy 
metals which caused nematicidal effects on A. tritici either directly or 
within the host. Nematode might have lost its activities and later could not 
survive under the stress of fly ash. Loosing the activity and not reaching 
the mature stage of A. tritici is very important for the agriculture point of 
view, because there will be no loss to the crop. Thus soil application of fly 
ash with 30% level is useful, as it suppresses the A. tritici one hand, and 







The study clearly demonstrated that SO2 at 0.05, 0.1 and 0.2 ppm and SAR 
at pH 5.0, 4.0 and 3.0 have significant negative impact on the yield of 
wheat. Both pollutants interacted antagonistically with A. tritici. Even 
lower doses 0.05 ppm of SO2 and pH 5.0 were able to check A. tritici 
development. If these lower doses apply in the field severely infected with 
A. tritici (at epidemic level), the disease may be controlled with minimum 
damage to crop. However, there is great risk of environmental pollution. 
Fly ash also interacted antagonistically with A. tritici. Interestingly, the fly 
ash was found beneficial to wheat at lower dose (1.25 g m" ) of foliar 
application. At this dose nematode was also suppressed. Soil applications 
of fly ash from 10 to 40% levels were found beneficial to this crop, 
maximum being at 30% level. At this level A. tritici was also completely 
checked. If fly ash fulfills food safety and environmental quality standards, 
its soil application as nematicides-cum-fertilizer would be an eco-friendly 
and gainful utilization, in view of the continuous production of large 







All the cones of SO2 (0.05, 0.1 and 0.2 ppm) killed the juveniles of A. 
thtici. The mortality (%) was directly proportional to cone as well as 
number of days increased. Similarly seed germination of wheat was also 
affected by SOi. 
Sulphur dioxide and A. iritici singly and in combinations adversely 
affected to all morphological and biochemical properties of wheat. The 
plant growth, yield, biochemical and leaf epidermal characters were 
decreased significantly at 0.1 and 0.2 ppm exposures of SO2 as well as all 
inoculum levels of nematode singly and in combinations. Low cone of SO2 
(0.05 ppm) also decreased the above parameters but reductions were less 
as compared to control. However this dose was effective enough to kill the 
nematode except in plants inoculated with higher level (10.000). where 
few galls were formed. Both SO2 and nematode interacted antagonistically 
in all combined treatments. 
Similarly, pre, post and concomitant treatments with SO2 exposures 
caused reductions in all above parameters. However, reduction was highest 
in pre-inoculated treatments followed by post-inoculated and concomitant 
inoculated treatments (pre > post > concomitant). It was due to prior 
nematodes, which weaken the plants by its feeding mode before SO2 
exposure. Although, nematode interacted antagonistically but in lower 
cone (0.05 + N pr) treatment, few galls were formed. 
Surprisingly, stomatal aperture width was increased as SO2 cone 
increased. While, the trichome number and length on both surfaces were 
significantly increased, when exposed singly to lower cone (0.05 ppm). 
After that both parameters were declined slowly in the subsequent 
treatments. 
SECTION-II (ACID RAIN) 
Three SAR levels (pH 5.0. 4.0 and 3.0) were tested against juveniles 
mortality. As acidity level was increased, the juveniles mortality (%) was 
increased. The seed germination (%) was significantly inhibited at all SAR 
levels. 
All doses of SAR were harmful to both A. ihtici and wheat. 
Reduction in plant growth, yield, photosynthelic pigments, carbohydrate 
and protein contents were directly proportional to acidity levels. Acid rain 
generally killed the nematode in all treatments except at lower dose with 
higher inoculum levels or in pre-inoculated set. where few galls were 
formed. While at higher acidity level irrespective of pre, post and 
concomitant inoculations, none sail was formed, fhe nematode and SAR 
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interacted antagonistically in all combinations. So. suppressive effect of 
nematode on wheat was reduced when exposed to acidity levels. 
All stomatal characters were decreased with respect to acidity/ 
nematode levels. However, trichome num.ber and length were increased 
only at lower level (pH 5.0). After that they were decreased in rest of the 
treatments. Highest decline was recorded in all pre-inoculated treatments. 
The highest interactive effects on all parameters can be arranged as pre > 
post > concomitant treatment. 
SECTION-III (FLY ASH) 
All the cones of fly ash-extract killed the juveniles. As cone and number of 
days were increased, mortalit)' (%) was increased. Seed germination of 
wheat was inhibited by fly ash-extract. 
Foliar application of fly ash singly with lower dose (1.25 g m""") was 
beneficial to wheat. While. 2.5 g m'^was slightly harmful to plants. When 
these doses were applied with nematodes, pre-inoculated treatments 
significantly reduced all considered parameters of wheat, however. 
reductions in post and concomitant treatments were not significant. Higher 
dose (5.0 g m" ) was harmful to wheat and caused significant reductions in 
all pre. concomitant and post-inoculated treatments compared to control. 
Higher doses of fly ash (2.5 and 5.0 g m"^ ) were adversely affected to 
nematodes. 'Ihus, none gall was recorded from any treatment irrespective 
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of pre. post or concomitant inoculations. However, only few galls were 
recorded in lower (1.25 g m"") dose with concomitant and pre-inoculated 
treatments. The suppression in all parameters of wheat by the interactive 
effect can be arranged as pre > concomitant > post treatment. 
Soil application of fly ash was found beneficial to wheat crop. All 
parameters were increased significantly upto 40% levels, maximum being 
at 30°0 level. In combined treatments all parameters were increased from 
20-40° 0 levels but less than their respective single fly ash amended 
treatments. Single cockle/ear was obsen'ed only at 10% + nematode 
inoculated treatment. In rest of the combinations, nematodes effects were 
suppressed completely. The beneficial effect of fly ash in all parameters of 
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